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djliS jJjLiJ 1859 ^LsJI i 3 

dJa_wjl^ J-ol» ;(jl^J^ ^i-u 2 iLfi-oJJ jviiil 

dl^aoisl -Jiip-» 3 I cLiilj^l 

£«SLpJ 1 J^t ^ 3 -o 

liUi JlLo .j^ialJl ^J| djszBljJl L*-Qi:i.Lo 
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jo iJjiiJl CjIS^ JjJlPO j-O 
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LisiLs^b SjlJLo oLoiljjJl c>jjti J5 Col5 

j-o 
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C-U-LszJl .C-L_al^l ^Lpt£?-l3 lJIXuiI 1^1 
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rUjJAll 


i)lj3 d_Lo L^-«a 52 J AjJLi (^^1 d_cpJl CiLjliJI j\3L>t3 

® f j. . ^ 

oLiLiIl jjJlsJI j^-oj C -*53 .dfjfuico ijljj j^Lo c 3 

^jbJl i3 d_ 4 «_aj .(i^jJaJl oJl^ 

djLijJl iwjlji barnacle «J_JLb;Jl» jLpt* ju ijjiiJl ^L^33 
Ijjij Ji ;3 i?t-ol3 ^3-*^ liJljji) .d-oiliJsl L^l^t Jli^t i3 
L^l (J| fiiliiJsl ficpJl CjLjI^I ju OlsM^zJl ^J<s>6 <JlS cJLpJI 
5 J_JlJjJb jojLai^ ^3! 

dj oL^av-II j- 0 djlj^l liiSLc ^_QA cliiJS ^J| isLbJjL 

^ys, L^*^-gj Lj1j 3 jjLjJl SjoJui L^l j^l CilS 

3Jl>3 cLcj 3I -JSbiJI d_cp-b j-0 d^biCLo 3 Jl*j L^l i 3 
a£] 5 C)bl^.cPtJl 3 CibbjJb C)b3^^^.ooJJ OIsMtJI JoJ^pij Lu^_6' <JlS 

.dJ.S-to^I ( 3 ^ 0^ 033 *^*^^ L^'313''**^^ pLoiJ^ 

dfjil JL^ d.oolft' d_Ll 3 jj^l CjLLcsz^ 1^3 ctibli Jlszj 

Lp-^^j ^1 i 3 (ixpJl oLblSJI ij'j ^ 3 bzJl ^jb (jl Lp-^^^I cU-Lc- 
C)lj\^ C-oJlp-I OlsbijSl Jl SjuiiJl C>jji> Oil jJiJ -b^lpJl Cib^SUs <Ljiij^\ 

cL^LoSb ib^^l SLpJI SjJoJ cLiUb LJ ^-O-ui U-O cLp-^^^I J d_Q_oO^ 

.d_ 4 «_aj CaS^JI i 3 ^ 533^3 ^-^13^ (,^3 lt ^3 
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.«Lajl Llji> .JLszj ..JL52J» 

ft ft 


13 


OLljlSLll 

Cj LilSOl CJI jjl j-0 3 JlJ Lo 

^wCrt^'l L-CitUJ ^ 1 A.LO .d_«^&j| 

:(L_aiLai^l d^b (ILLaI^I J<a52J 

cdxpJl CjLjI^I J^-ol (J| LLo^ Ail 

L^ljij L^ljrCf'^l ^J^3 cjs^l ioLp 

.Obj^^SwJjb Sj-um 


d.<.<^.Lc. djl5b> il)Aj?J! bj>^^-cJ! C^‘g -03 
i)jiaAl (^ISbo job L^ cOLaiU 5AjA^ 
L^b^Sbo^ .Cjbj^SJl ^&_Lp i3 
CjLjISLII go Li)A£>- OAbj^lt! Ols^UsJI (^yJi 

^jb-O tjAj [sZA L^52-0J> AlP (,_^3 .dxcJ! 

jJR-ol g-0 d»LcJI C) L5l5:j| 


(bxaoJI 


jffuJl j slJsI JUjJU Ob3_)5Ltl» 
wOb^jSAJJ ^■MiU'i.ll 
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rUjJAll 


iLoLiJI SLiPtJ! iULp cLaf-I CjUjISJI J| LjuSUl 

CjUIJuJI JI 3jSj 3 cdJ^^I SJJUa dJa^jj-o Cj L51SJI 

.iljLsJ! 

Lojjij LSlU. Lil l^3J5^l cU-b jib Charles Darwin ^ 

9 

yXB ■ d_i 3 ^ j ^ I I I Jj& ^ ^ L^cJJ I 

t^tcpJl oLjI^JJ tiJjfuit-tjl Cij^l 1 j^ j| -ii^Lp jr^ jL«Jsl 

^ £d_ojUsl ^-Q *'^3 (j\52jj^l JbLb- ^ 53 ^ ^35^3^ 5 ^ j5L1) ^ ^'^^3 

i 3 frU-Lp ^u 2 i j- 0-0 t^jJiill j -0 L^ ib£?ij ^ Js^l ^Jx' 3 I tULp ib^?-^ 

Ijo ^_q S jt ^1 LuSL^ CiLjliJl jjl ^J^ ^>5^3 ^ hJjLo 
Oblo L 03 £d_cpj| oLjI^I CJI jjl j-o j\i_Jl dj ^3 j^l Lu^ 

• i 5^3 OLijlSil jo djlj^l 

iw)jl^ill j-^lbj .SLpJI j-® joSo j^l C-cptJI Ijjji ^Mijj 

iolj^Jl OUajlj^l d_o?Jl OLjI^I jo OlsblszJJ 

L^Lloj^ Cjj^Jaj lJiS ;Li>bMi»- j^ dj^j^l OU^SUjl CjLijISLII lJiS 

joszj C*x.tul5l ^-QcibLlo jiLo^s j -0 L^ o-^ 

.5J^iL-o Cib^j^-Jsl j -0 ^L-oiLjb^l L^AjUb^ 

j -03 ^Jn-Lai!l oLoiljjJl j -0 J.52jiJb L-o-Lc- US cSjoJli^I J-o^l ijlSU?- bjSJo 
jSS US . jrbv<] L^<A‘gj dJLj 3 d_Lo ^^Js- d_o?JI OLblSJl jb <i*3lj-o 

J.^^1 j -0 djl Ll 3 Lo» cjL^^l Ilib J .*5 cW. Ford Doolittle J 1 J 3 :) 

Sjuxjb- 3I jo3 d-bo 3I jjLb jo j-coxdl 3I cJjJoJl j^- j^JaJI jij 

jb cL-b^ US blpcjb^ i»S 3 ^ (_^bxit 1^1 yi^Liijuuu LjSJ .bjoS_tJl ^1 Sjrvdl 

jt j^l ^idszj j-PiJ -^^(.^iS^jdl j -0 SjojjbJb djljS LL<il (^y 2 i 

jSjuit-o i 3 OLoJklll eJjbiLij US JS XLe OLoJjJl 

jt C-*-dj ^ SJoJli^I CjlibiLlSbtl jt ^jJa cLffj cd-jjJajJJ bjlj| .ObLlIl 

diaJlj^l j| .L^ Jj t pUq*^ Ob^jS-d,! J-fcwJ j -0 <lo?Jl CjLjISJI 

oLblSil L^j -0 j^Sjj (^^1 bblpJl L^ (^^1 SLptll d-ox-ljJI^ <LumLm\ 

cdj-o d-owaj^l ^UaJI jisbbbtLuiU L^UlC- j-o (^^1 SQj Lff cd-cpJl 
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L^iiilj^ L^Lp- OU-cLszj 1^31 liUi j-o .Cib^ji^l i3 Oj^laj 

d_cpJI CjLjI^I j5b ^ .^ 3 ! C)L)3j5m,l j}^ 

CjIjUiI ^3JJ-b L^lj_fcul5l Jj (b_aiLai^l Jxl^iUI dJji> J->^1^ 

cL^iBjjz-o (iL-ai^l 0Jd2i Ji ;3 (jt L^LiJiS^l ^ji> CjLuiIjjJI oJl^ joliil 
tii^LsJl i)j\liJsl dj^ i)L>^l j 5 L^ Ijjis ^Ij-oi jt^ 

jL^^l j^iSLo ^J^ SLAiIl ^jSi^ Jj 2> .^Lo-03 llo*< 4 *^ 

(^yis £d_LpJl CiLjliJl j-o LoUf Sjoj^ 4 is jt jSj-Ll j-o 5 jUb 

j^jjl^Jl Sj^ 3 b?-LLo c.L> 1977 ^bzJl i3 tarchaea j^LiszJl 

Ljb< 0 ->S^ 34 J 3 b_L«^ L^lIxP^J LT^ cd_£P&jl d^Lljl^JI jo i^j.fixJb (LL«J| d.xx 4 X.lJb) 
i3 l^sbillJl ^jIJlpJ J-j-0 9 .LLp L^MIp- 1 jjJb Ob^jSb-tl ^yp bj^Jali^ 

Anton jls j^Jajl iS3-^ L^xj2iLaj ^ - aijjLpJl Lp-^J^xJ! ^jb 

^L^jJl ^Js^ 4^1 CjLjISJI jjo ULp dibijS'l JlI^^ van Leeuwenhoek 

^LuJl jj^l l3 ^,> 3 -® l3 b^JO d. 52 l -0 ^3JJ1 CxPO 

j-0 Sjjjki^ " '^Ij-l^b SjoJl^ C)Lj 15 I ^jb Jl^L 

^3jJl 3Ji>3 - bjcSUl 3! CibLiIl 3I eJU-oi^l 3! Iw^LlszJI 3! jjxisLpJl 

£LjbLl 59 J SJoJlI^ 3I “^bi j3i j-0 ^^.AXM 4 -t_a) 

^tJia-o-0 ii-LoO t,_^ 1 h'i ^^LoJI L^bLlJl ^jSJ .jpljJij^l ^wX 4 -£u-) ^^^133^1 jhszj jlA^ 
^J| Lj-Qjfa-Lo (^3^313^1 ^bzJI ^^xw-OjI L^LLxSI ^-0 .Domain ijUajJI ^j2> cJoJlp- 
L^xLc- J^llo) dlS £j^t J^3 £bjoSLJl3 c^^LoJI :8j.4.oJLo C)LilJa 3 2 jMj 

C)b^^iajiJl3 C)b3j5Lxisl j-o JoJlsJI (^^l3 teukaryotes SI31II CiLiLiip- ^^-oil 

.^ 53>91 C)bl3xpJl3 C)bLlIl3 

oL^pJI 

The Tree of Life 

iblSbsb j-)3jk j-^Sb cJaS j-'blj ^ 1^*503 djlsJuol ^J^ L^iszj Jjbxij i3 
3I C)b3j^_Uil jSjj L £Obl3xpJl3 ObLlII ^yp■ IwaIS^ jJLI .dJjuioo l-ALo) 
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rUjJAll 


(jl Lot .cL&Lo»uil infusorio. «iw)lA£'LiiJl» 

.OUl^-cpJl^ CjIjLjJI L^^^t JjszjiJL 
(^jjjsz-Lb hjjn J^t ^JJajiio 3Ji>3 (The Tree of Life SLcpJl jj 

JlLo ftLo-Lc- L^ic- j^ oLl^SjJI joixJj J-^ ^o.Lgjl 

(SLcpJl OblJo jx- lSJ 5^ (Jj^L 

3jjt.(iJb d_o_(ijJI eiJjkS^ CjLjI^I ^-*-0^ <J| bjiJ^ 

.Lo i3 ijj^Jalll 3Li?tJl iL(iQ-o dJaj^^ jl J-ot 

jJlssIj bbi^i^3 J_JjJl jl Lo CjS^ i3 IJj (^^1 (jJ3jl^ jl 

(Cjj'U^ Jlp- (3Ji>3 - j^JalU (jAiSbzj (Ja.jj?to d_J| 

.descent with modification «Jj JlssiII ^ d*jj5ill» 
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^I^VI ijy j| ^jJI «^I^VI J^)» J.^.«^l :(1) J^JJI 

.^UiJI j ^ ISjfuLe )La\ jV J.^.«Ltl ^ 


j^^jl'^ j-®j l3 j-ooj^ ^^Lo SLcpJl Ojl5 gJaJb 

ijSMJ SjL*i^3 jlollt d_(^ j-® ^^1 C-ojt3» :4L^i3 hjUn 

^jj5> l 3 Sj^?tai3 (dJj?Jl Ja-<Ai3 i3 Sjj?tui3 
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^XSLcJI 


.d.a_l^_U L_iiliJjl 13^ lQll^^x:^ 

dJ5 ^LsJl Ojjls J-ol» £<iszjljjl tj-)3jl^ fiipiJ 

^ ci^j-o-LsJI j-oJ^Jsl i3 iij5i3 SjvS JJ-o ^3-;ii-o *^ 55 ^ .fl-Maszj 

.Jais (JoJaio ^Jx• (J^^l ‘11'g.Ja i3 ljIiS 

i^3JI^ cc£ijr^.Moo ^ Q1 ■■! &^-u!i-tJJ Ja..t_M<i-tJI o| 

Oj^Jaj lJiS cLL)! ij^^^ iLip-^1 ^j-o ^J| 

^ 5 JJsl Jl*^ juL) ^i^j-U jlS^ 3 I l^Llo^I j-o L^L^vj 

jl^t C* A-oc-J cSLcJl SjJtJlI d_cLollJl ^jIJlJI i^ySi cJjJi C-ulS .^1^3 

jju dUi Jajj\3 cijlj^l dJ_J3 (i^LiJ-o 3 Jl*j C)l3^iiJsl : j-)3jl^ 

[Li^3i^l] J3tij ^5ii^3 (ioo-*uiU ^Ua 3 ) taxonomy L.A^J-«aiII ^Jis- 


C)U- 3 -ojt-oJJ tjS^ ^_Q S Lajl dJaJai^ .(iij^Jaill phylogcny 

cfijr^-Moo ^ Q1 ■■! i3>o 133^-^ 0^ ^Lt-PcJI J.x 9 d_i,^.j_i^l 

.4jL!ai>^ j-0 JLP-I3 i3 JlszjI JI jJ3jl^ 

JlI^- j^^SLlo JS_(ij d_JLJip- 3 j^-ka ^5-03 Ail 

fiojJLLo C)LjIS 3 L^ljial AlC- CjLjU ^J| Jalii 

^ 5 -wjj A 33 .«dUi jJil» :g-ol^ JSo 1^33 t>* 3 jl'^ .axillaries CjLszJhII aic- 
dJLj^^Jaj 3)^ LoLc- 22 1837 ^bzJl ^3-o ^^■“' ^ ;J.^-u!tJI Iaj& 

Jaip- 3! c[^v*;la!l cLilj^l dJa_ail^ $^^3^^^ J-ot» j3AsUsl AjIiS i 3 J3ialll 
djt f^Js~ jJ 3 jli CibllS i 3 j 3 i£>LJl ^ 3 ^ 1 ^ .« 3 LpJ 1 j-o ^Ld^l d_L 2 i£lJsl 
^5J3iaJ ^jb i3 liJjbiAj C)bl3.cpJl3 ObLjJl jb A«a 3 

^ 133^1 ^^ 3 ^ 0 ^ lS ^b-ol ^jS^ JaiaptXl L^j .dfjruit-o L-iL*o3 dfjrui-o 

Cj^iLo :«^l3j^l J-ot» djll 5 i3 U 53 .^b^l j-o ^3) i3 
C-ccP- ...hj\^ J^ 152 J i 3 C-IL3 A 3 4 j 1 Jo ^_Q I *0 J ibzjLlII cLp-^I 

tdla ui') C*jl5 cjjJi3 cSAjA:^ 3-*-bl i3-*J-^ ^IjJl 


.[^jUI] .On the Origin of Species i^bjAsoyij (^) 
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cUj^AII 

j-o JjJlsJI 0-0 3-^3 ^jUJl ^J^ 

tjJ^lIl o-^ SLptJJ d^*hv!l JL> d.^ip Caj15 Lo 1 jj2i 0^ dUjJ3 
L^jsL) L^£?iJa_wj (^hvi3 £(j^j^l Sj-^u5^l3 4iU,l L^Lai-L) ^Uf (^y2i3 

.«d_L-oj?Jl3 ^wOz-ttjJI 





*JL^ UJc^nx, Jf ^ Z. 

^ t ‘•^' 6 -c^. C:f^ii.rzz 

t^f-ZCZ^ pOit-^-^cT- ^ ^ cZ^ 

ZL/vu^ L^ 

(SL^JI 6jf>.>w.t :(2) (J.^.>ti.N 
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QDAiloJI 


J3 1^1 Lo CibllS i3 j^ii^-LJI ^ ^ 

SLpJI tj-o -9^ £4 xpJI CjLjI^I (^yij Ob^^^SJsl jt 

^5-bij -L^iiiS^ i)ljo ijL*5b JSo dUj5^ L^l (j^l .oJdSi 

^js, dcpJl OLblSUl L^lj_fculJl iij^JolIl CjIjIS^^I ^&Ji52-o ^js■ il3j_i*oo L^l 
jUa£-^l j -0 3jis-o [Ss^ ^ macrobes Cjb^jSU,! .^Ij^l 

lJlo^ OLpLiilll ^IJ^ctLoil (^y=^3-> -LisJI J^l 

^5-C»tJJI j-0 g-bb (3 iIb?W3 ^ (,^1 CjLjI^I LLo-O cOb^j^-Jsl 

1^13 cSLjjJI 65^ ^ ^ Ob 3 j 5 m,l (jl ^Lfl.'L'gj (jl 5 djb 3I 

.ijl^-o i^3jJaJI Cbl5 1S| d_cj> j\^ S^Lo LjLiJj 


Eukaryotes dl^JI OL£^ 



.(jbnf-^l <lLo C-*-*Jj d_cL*-oj?6lJI iSS-^^ 

iw)jiiJb ijuj-o U5 L^ (i*-b?-^!l SLpJI jl j^l ^^-bij j-i?b 


.L^JlC-Ls j-o 

L^ c&b_^^l iJwO^ £^b_?cJI (3^ dJb^-b ^jf\S l^J-^ 

LusLij tj jJlPcIa j-0^ di| .Olf'^-o.:^ tj l(^Q«Ivo"i3 cdu^\ CjUjI^I tiUS tj 
iJ-j^ CjIs^JL^eJs! (^_yi-ut ((jAtAiisI i^Lc^l (3 
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rUjJAll 


4 -<-o-maJ 3I o**-^ Cj!S dj Lff'i Lo 

U4J Co 15 ciCia-Lo 01^3-0.:^ (J! lAj^s ^1 (Classification 4^03^cs-l^yi 

du^\ jC- cLCt^l twiLCLoaJ3 d_,<-o-t*o LuSLc djjiaCiA 

d.o?J! CjUjISJ! - Li.Lg3 J33 - LuSLc U5 cj3]ail! Jj *3^^! 03^ 

ie'3-o.:^ ilLutjLo dJCo^l JloI ^jl 5 Lcj .j3ialJJ jLlC-l i^I 03^ 

OlsLiIl v_Q«\voi l3£>'jCsl (j-)jJl3 c oj^I t 3 CjLiII ^U-Lc- 
CiU^l^'^l ^oiis2-o J| b ^ 35 J .J3^l Iw 4 -Oj?UJ C33 

U d^LtCLo Cj UjlSJl Co2-o^ .LLo-i.^ Jj £LLoI 5 j3ln.llI tjl 5 JoLs (d.^Q.^I.oCLlI 
^j**^ ( 3^3 " dIjrClis! j3in.ll! ^j^ LtJj Lo 5 .i Lff- 3J33j3is! dj Lilli Ls £Lsz^ 

(Tasmanian wolf (jU.«CLll (-o JJ! ,31 (cUii^.^! 11 ^ ^ 

(twO jJ! 3I tw-J 5 JL j^la-c ol 5 dil . j^l (jij- 5 j! J 3 1^5113 

CjLojCI! ^jjo 3^ (Ls^it' dJLaJ! JuLszj marsupial Lolji^ ^^5:^ 


J-o^ .du.AjjLp>z}\ canines CjL-J[ 5 J 1 g-yio?- ^J| d.x.t«jJL) JLe>J 1 (^y4) U 5 d.,oo-i_iiisl 
(^juioalll Cjllnln 3 ta ^o-*alj .JSLilll di-L-o ^lj3Jl 3 Llj 53 d_Q-Jn3Jl3 Jj3Js1 
^j-o SJucCLmx-o L^I (^yi) iE?td3 dCLnSi 1^3 j^I L^3So j3ln.llI (j| 5 jJLl«xisl 

.L^i£?to? jLi?-! (j 5 Lc CjIjLo 

:J-CL*cJl CjLj £4j1j 13C^ (Jio £CQ***o 71 I Cllnlniws Co 5 Plato j3Lli3l ha 
(3jC_Jl LJLuo 3^ jl j^*o-mx 9 (jl ^o-wxjio ^3j-^l (3® 3^ 

j\l£-3-<x:^l lll5 JjLLL) ^ i>03 (iiJli 3I IJjJs (J 1 ^3*^^! c-Lnf-l ^j/dJ .ys^uinJl 

huA^J LJ>il .Jni LjIjLp- jyb^isl Ljljl3£?- ^jl^ ^ .53-0-ui jiSlj j 3 l 3^3,0.:^ 3 
djlc- Cilyo jl do) .jljSyilll (Jj Socrates Jnljdo ^solull LJ^Uisziil (j-0 

^llUty^l Ijjb (J.^ tJl *-^3^3^^ 0^ 3 c -'-‘-*31 oJsiLmO Lo Ij;^^ £dj3jdl d_*ujj^l 


.(djJj J^ 3 lU dlQjjia 3 5 i 5 JllJl (Jl Jaljdy ^ ^- 3 l 3 3^?^ (J-C- iiLcditl 

9 

:j\l**Cj jrd3-oj:^ Jl (y?tJl ^LsJI ^o-Cs (Lp-ylyCI ^jlj ^oiiss-o £jCtjb3 

** 9 

Ls^-oSCo jl5 1-0^5 (juSLLo-Ll ^&-ail (jus-wJiJI ^jjjujs (J-P jil^l .C)Ul3a£>Jl3 CjIjLjJI 


•If>J?'j^l] -2:19 jd (^) 
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^XSLcJI 


C-Jl5 dUi ^3 LiLijJl gjs 

Cibs) |ju_u*jjjJI (j<a5SJ ;j jvi- 5£>tIJ a_Ql*n'i 

JI^Js dljjptl) ^ l^Airg.^ jSii (CiljjiajiJl^ bjuSUl .(taxons [C)1 j^_u*51iI 1] 
(protozoa Lol iioLiJI aSLm,! C.*-iL*^ j^ d^Ljp- C)Ij 3 >i 

Ijjfe j^Li j-oJLu) I .4 jjI^jj?J 1 aSlLs-LI ^ L.9liaXI (tfJjjtlJ 

Jajj (Ja^ juisS -L-aiJu?- ^3 Lo-Lc- J^j-Q-o j! Jlsu 

^LaS^b (Cilj^^JajlJl^ bjUSLJl iuiIjJo j^-ilssXI^ (Cib^^JaJlJl Lji^^J^jjuSLJI 


^Lus! jlS^ iuilji i^l (Lji^^J^j^j^jJI Lo! .C)bjJl ^bLsJ 
Olx-3-oj?to) microflora C-u^jJ! bj\iSLJl Cibs-oj^J i^Js- ^3lb>^ 

CjUjISHI) microbiota d.’g.o.JI j^I Lol i(5jvsj<aJl ObLiIl j-o 

.microbiome (S^Sll j (3! 4^1 

(l^JLff-li ^J-O LJjiLlb .^jLuJl ^■c.‘g-(blll 3£>J ^jLub^l J-ct>) Ijji) SLlpJ) ^JlPsIj 

^3j-^I i^bjis .(3j3JalIl ^Jl^I ^j-o Ja3Jai^ 4 jMj JJ3J L*-o (|jOj-o ^o-*u 3 Jj 


.S)3iJ) LjbjL(jL^3 bj\A^.AJ)3 ^3->b3gJI (domains ljIs 1 Jni.lI ^^^yo,wj (^.mojjJ) 
C)bl3^^1 . j 3 ia^! -9^ ^ ‘3^ Lo i^Js- (dT^dall jl 

ij>s- ^_^«-L^3 8)31!) OL(.q.(.L'> j-«a£' Jl C}b^^]aJiJ)3 oJL?iJaJ)3 ObhQhll3 C)bbjJ)3 


CjbjiajlJl (Jj 6I3JJI d.ijLiJis> C)b3^Ltl JSbio . 4 a£- 1 ^ Jx-I 

- jLoi^^l ^j-o ^j-^I ioMj iSj^^ 4 £- 3 .o.:^ (C)b3jSLoo ObJaJiJl ^h^o jl 


ObbjJ) bbaa '-3 4.(.Q.u ijjliLo il5o ^ O-tPo ilbaJ) j-o iff' 3 .oj^ 

ObjLia" Jai" j-o ^_^iLo Lo Lo! .Ob 3 ^Lo ObJaJiJ) j-o J-clS 3 Ob) 3 jj?J )3 
((3jL:5Jl3 bjuSLJl ^3! (prokaryotic 6I31II CjUIjl) t^LLi il^l g;^3 3I31II 
.C)b3jSLaxLI g^bbll yp^J] J ttJslS C)b3^U5l .C)b3jSLoo 


5jj?uiJI Jl JjjiaJI 
The Path to the Tree 

3 la(. 3 1 Jbii . 4 L 3 la SjCB JJ-o ^;^i<-*-Il 4xpJI CjLjI^I ju OlsM^zJl Cjjsk^ 

.Ladder of Nature oU-^1 Ihla^ ^ss i^l j-o ^1 ^ 
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rUjJAll 


IJl^ OjdSLil iiAilJl OLoL^^l i^JS' 
(j\52jj^l J^L?- ^1 iLoLiJl d_cpJl oLjI^I iljLp iwi_*i3o ^ tdloLiJl 


.d.^UI LoU- 

J^£?iJ L_i*S iLjliSJl IJji) i3 Liul djR. XJU-iM i^jJl i^jJaJl IJjij 

9. ^ * 

^ 5 j^JalIl iwxxJjJl OIJlp-^I ^ 5 ! - C-Sls v_QSLffJl Jl^Ja-^ojl 

• * * 

5j-vaJLo jLw-tl i)lJo (jl jra52J j-o .L^l^ljuiXg' diLssltl i»33L?Jjl3 

ft ft • * 

Li5jJ J3-«a3 ^ia_aijt jt ^j-o .Jj 2 iJuo d^ljuJil ^jJLptlj 


Ladder of Nature 4&wJaJI 


Mammals OUJL^I 
Reptiles & Fish 
Octopuses & Squids jL^I^ 

Jointed Shellfish 

Insects Olj^M^I 
Mollusks Ob^^^ll 

Zoophytes (O^jjJI) JSmJI ^IJ OUI^^I 


OLij 

ysiJI JjiLs Higher Plants l^l ObLJI Ascidians 

Jellyfish Sponges gtia-tiyi 



Lower Plants ,JJuJ\ ObLJI 



Inanimate Matter 4^1 jr^ 


4^ 6.^U ^ dL^I ftUS (J <4&wJaJI ^Ja^jl Jaia^ :(4) J^JJI 


cdxj U -3 jrov<ll Lo^Lo (jl 5 U 5 ^ £d_cpJI 0^ i)lJo cJ^^jUjI ,(-><<<«Jl 

... 4 ^ l^.xPcJ I SlxPcJI I ^ SlxP* ^ &L_^I LA..t_UtS LA..t_Ml» cjld I ^51113 

.«(Jl ^ 3-03 (^j^l (j-o (J- 0 I 3 I -0 ^i-L« dja:?-^ CjIjLiJI (J £^l 3 Jl ij 
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3 J dj\j Charles Singer i^yJLsJ! o-^ 

(Ji iJ -^53 ijs^l 3 I 2^3 CjI^JLu* J■^^ ^Ia_utjl 

jl 3Ju<_) .dj dj^-Lil CjLo^JLszJjI 5jJo ^o-^j cSLoJl Jl^_«il ^ i)ljiU 

J3 tj 15^ ^ (3^3 • 1 j Lco^ 1 1 jj£> j^^-JLco b L_)j3 3 ^ 3-ba.***j I 

d-islj-o 3] -Sbj^Jl cLl) ^y£' Ijulszj 3^^ cibL^l gJjJs JlcoI 

L^3LLo-€‘ t3-h^ LoJJ^ c(ij^\ Cj U21SJI lju djLttlJ! 

c LtiuJkS^ I iJwoJLp I . I f- LL(J d,x9 IS^ ^ I ^ c I ^1 c 1taXf' ^ I 

^3^ Jjbb 333 ^^ djjSLoJ! Oljb^^! cJjb JS JJLo dJULo 

juoj;^'! j 3J -j-JaJb 5x^1 jlSLs^l j^uzj^ cSjjbL^ d-jjjiS dJb?-^ cCjLo^JLszJj! 
1 ^ . ^3 lA^cJ I ( d,^ b.^O-3^^.x31 ^ ^b^.x?cJ I d^ b.^O-<^J I iwi.3 Lu)^ I I^J ^ 

ij^ Ja3s J-JLoJl^ d_*Slj?iJ 3 l ^jJiill Ol^in.'> Ij3S^ <SJ^ cJ-!-*.^! LLe-Ljl cLjI 


^^-ubLo-o eUi i3 l-^ cSjjLJl ^bz-Ll ^j-o ^Jlszj SUpJI ^a-MxL) 

OJoJl^I 2^5^31 3^ J^J3 j^ialll^ i)lj3JJ OliaJaiJjl 


d.<.L<j^l oIt^xiII ^Js- cd_cc>- J^3■ S^Lo 3 -® bjULb jJ^ij 313^3 

jljS^l 3 LI 3 S 3 jujszlll d^jjJs^ i*jlj^l Sj3_(iJI tCilj^JaJl 3^b?- j-0 

.d_Lc52-0 OLS^ ^^Js- C)Urjj31 3-®^ ^jJb 

Jlszj 3| 5Li?Jl 3^-3 -j 5joJle>J 1 J^SL3lIl ijij-^ ^ £3bj?-31 3 ^ tj 

ibLill (Spontaneous generation JJ 51 II 5j5^ .^j3JI 33 

CJLb) (Ji S^Ltl 3^^=^ tiul^l i^^jiaJl 3-^ J 

!j3S^. jS^ L^ iSJ d.xA^3! o! j^ Liiis! O Jo . ib 6j^ il^.* 3^3 5 Juo Lo 

fwAsjJ!) iwjb3I! CjIsjj Cj-^ U3^ id3o-^! f ^ 3 ^^ J C-ol5 Lo 

(Lb^i^cJLo bbj !j-cjLt« [3 Sj^jil! s.13j 33 -b) 3 ^ .(J_3riIs! ^&o>eJLI! J L^Ij (maggots 
.j-3^ g^bJl 3 j^t JI J^3Jsl 3 -^^ 343 ^LsJl J jjlo jjloI C-oo?- 
On the Generation « 3 l 5^1 jJI^j 3>^l J 5 ^^j' 
3SL3 _zj 3U3J» ^jbls 3SL3_) 3-^^3 cU3sJl of Animals 

.« c I (J dj 3 -‘-c 3 1 5j \j^ I 3 c-1 3 ^ 1 1 3a 3-*-*^ UJS^ iff- j'mj d^toJ 1 Cj Uj IS31 
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rUjJAll 


ij.oQvl» j-^ cLoi?-^ d^Uis! (jjjAiis! j^I JlS^ 

iubliif' jJ^iIL) jJLI OlS OlsL^j cLijl 

.Age of Reason j <^3 Renaissance 
(j-o £j.s-o^l (^1 (3-0 JS-3_) (^^3^1 jJ^iJl 3j5^ 

^Is £1668 ^LszJl 'wUjjptill t3->ji=> 3^ £OL)3 j5^1 (J) oL)3j5U1 

t3 3^3 -Francesco Redi ^^J! 

LocCa> 3J^ jJ^iJl 3 ^ -Galileo ^-JLJL^ lj-«i)Lsz-o £j.ff-L33 a^z-t-JaJl 


aidoRj dIow 4 >) dJL_*y 3 ^!jLpti*yb dsLfljj ( 3 ^^ JJLpclL! ^o-c 3 LI! tj <_o^ill 
£(iLLi^! i^Js' ^_o^iII (ilii dLS2J3 .Naples veil ^3^jJl (J^b 

.^o-pJLIl tj 0*^3 £L^- 3 ^-(_> IwjLJJI Cjb| 13*52-03 

3 b ibLoJ! SjLff-LaJLI dUxL*-! 35 ^ 3 ^-€‘ ^Ob^jS^! !SLo 3 SJ 3 

CjIS^IouO Ob^jSb-tlS JS^ -X 52 J ^3^jJl3 (3-0 3b ^ d-£i?Jl oLbl^l 
b&^b-^f'b £(JLL^I 3 -'*-^-^ £b^\*^-Jl ^31 ^.wjbJl 3 _,)-^^ 3 ..^''^^^ .d_ki 


■CituJ 


6j-o .SLoJl (3-0 6j\s-o c-lj^l 1^1 £protoplasni (3-o (j-jbS^l 

^t52J Lo 3^3^ .(^3352J1 JJ3IJJ b^S U-C^^ C—oJkS dSjrLtdsl Sjodl 3^ lSj^^ 
OL£' 33 i 1 s! ^bl 3^Ac tj .Ob^jSs^b ^_ol 7 ll ibLflJl^ dijod,! OloCCLt! 

iljbjs *i!jLff-l 3-c tw**-££u (CjLo!ib?J!) 3I ^5531 550 (^3-^ d-£SLoJ! 

.iu^jSwct) b^lpJl (3-0 

(^^^Ax-o ^0-^^ (3'C " (3^jru?d)! s-UJ^l (3-® ibwxJLy C-t-oo-bb 

3jlj% £john Needham ^bb j^ 03^3 ^Pier Antonio Micheli 
I3JL05J £Cjb3j5b£-oJLI t3i>LiLl J5^I2J1 iIL£*-o - Lazzaro Spallanzani 

.djjboLo^ ilaJbota ^bj (31 
3-^3 < i^b** jCUS- (^.rfobJI 3^^^^ L«b^3 

(^3^5211 jJ3dl Jlo (J-jLaiI (31 l»iLcL4*il bbji^l3 ^coodl ^3'^^ £L«Ajj3J-S 

3I3 ci)spores 3^ 33Obj-ta-oJl 3^ .Ob jKqU 


-1:20 jKm (^) 
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^XSLoJI 


U-£> djptJaj (Jx- fiJLii) 2^53 ^ CjljjiajiJl 

■ Jl (j| 

^Jb3 t^LbJuJ 03^ 'w--(-wJ (j-ollJl Oj^^ (j-® L-(-waJ 6jrC3 (3 

d_*^ iw4-(_*u_> dJL«_Ll ^JJJLJJ1 £^.*511X1 d_,LSz-oJ?J 1 (3 iwA3tLIj 1J3I 

^3-0 d_ali3uo CjLoMi> ^LbJuu g-^ .sterilization 
g!^l d_*^LLo L^ll? di?JLs2-o i^_^3 cL^JLC' (j| Jaxff-3 £d^'g-*.*inlI 

.Cj<X.**j3 L^b^l£?td ^3^ io5j?!y3 Ob^L?- ^3 L^IaiLj?- (illiS Jlszj^ .SLpJ) 

6j5LqJ! £vitalism Ijl^I d-cobj ^bbJuJ ^Jl3sI-wj! 

io^LLo L^L-g-co £6b.c?Jl djlsU '^3?'3^ dJbLAJ! 

j^So LoJlIx- b^iLff- JJ313 jl SLpJI jl -iubj-tJJl ijul^^JLl 

.iu)^ <-93jJaJ) 

^Sb (JlLajj 3-^3 £tjljj^L-wj 3jl3^ y^ £ju<a3 ‘'3-£S^ dUS Jlszj 

jjS Jl5J ■\Sy^^ jjlScdJ Li.o.^q .1 d..<x^ CjUjJsLu.^ 

. iJ..£M_^ ^ dj i 3-^-^3 ‘ ^ dwi_} 

JloI 1855 ^LszJ! tj3 j-tobJ! 6jjb CJLol^ 

d.x.(ii^ ^JJA5LJLs .L>!j^3! SLi^JLI jJ^iJl S^^SLoJ ijj^^-oj-Ll 

d-Lu-Lo (J3 .Rouen jbj iJ '^_ii?c:LL IjjAa Felix Pouchet 

^jA 3 iCb3^1 tiJJ5 i3 ^L^-U ojo 6j 53 ^j-b> <x.uiss^\ i3b3^^ Cy^ 

J-»^I 3^3 £(j^i^l jl tj dijjiaj CJb-^ .dJLIl dJa3- b)-® 

.l^«a-Qj iAjjJsJb £Ob3j5m,) (iUj53 .b^iLf- jJ3^ SilJjiLo b^b> £C>b)^.*j?J) 
Lg" £L^JL(3t*uJ (Jl (J*^! b)-o d-kSLo 

(3!ilff-| ^&5b>l ^ 03^ J-3^ 6*iL^l£-l ^3^3 

*^3^3 ^■*-*-**‘-* £^bl 03*^^ J OLoMi^J! C-co^-gj £Cj^L?J 1 g-yi-i?' J .Cjb3L?J! 

.d-(J3j5bisl b^ib?Jl b)-® liljLcI 

jlS" ^jJl £Louis Pasteur j^x^jb Jlj^i^l ,J1 £dJ5 Jlszj 

ioJLszJl £6 JoJlS 2J1 djljb^^ ^ljfu>b bz-o^ U-^ J^zJlIb l3^3 

i^LJl Alhumbert Prize >^3JI J3^b 
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rUjJAll 


I ^*‘ Cl 2300 

d.x^^l3^1 C-*.c?Lla (1862 ^LszJl i3 .(^^.iszJl jJ^ldl iILu_a (i^-2iJl s-L^Jj 

i3 i-oIa-Uil ^Luj>^l Olj5^juo» ^j^-Lszisl dJLia ^y£^ SjjLpJI j^ILwjL) 

Memoire sur les corpuscules organises qui existent 

«(iljj^l3 C»U^» (J dans Tatmosphere 

^ 3 ^ CJl5 .4^*ilSSl! Lflsj^iuij (^! Annales de chimie et de physique 

” > 

^J3 1 ''' ^' '^1-S2i?tdl i3^ ^ljLE>!^Lwjb C-*->ji>l dllj djjLcxj ,ju 

gJL«aJ i3h£-l 6jjb tj tJLaJl (3j-® 

w> 

C-il5 . jbJL^l t3Jj-b 3)^ Ob^Ii?ds! ^Cp-Lc- ^ cS jS-tiu ^_^JLc?tLo 

6Jl^ (^^.iszJl jJ^^l 3J0J-0 bbj'CU^l cs-l^^JLI Cjb^Ii?d)l 

Cj!iLoL> L^I j^iLwjb cjLl^I oLL)ji> ^3-0 d.,(-oj?ui L^-iSd £d_JLcxszJl 

.6j3jLiJJ isziPtJl (3^ (^jJLplLo (3 6jaJs CJj^IL*4j 1 . iu^jSb-t 1 bM3dJ 

£6jJj!^ 3)-® tj -bsLo i3j-tl -dJaAJ! C-*.c?si^ Jl5J 

^.^^3 ‘0*^3^ ^ ^3 ^'^3^3^ £4^jJaJ) 6 Jl^ SJlszX! 

j^l*yb ^Cp-c-jJ .LoLf- 150 5^^ 1.5’^ 0-® 4-JL> 

^ 6j3jL5J1 4-i3j d-p^LoJ! (jph.'gi) Ob^Ii^t^ 

l^lSj ^ hj. XI jL^l OLSj3i> piU^I tJbJb^ cSj3jL^ 1 tj ^j-® 

6jjb C-*-o-L^ Lo -^3331^1 tJl lS3^^ ^ 3-® i3;y<3jrCi_tsl ijru_>3jS-d)l 

.Ob^j^^l ^ 3-Lff- 

C-^p&i:^) cXubjUsl U-^i?cjLliJ J-o (j| J-^l (3-® tl864 3-^3-> tj 

(iwA^iMaJ I 3''‘^^d I 3-> . i ^ ^ ‘ ^ Lul I b If- bu-pQ 

JlpI .JL>3bJb C3il3 Ls 4->3L^ *3^ cj^I-uib Jai> ^3 -‘*le?J 

d-Lol^l bj\I$-JI jiysJo (3^^ ■^3^^^dJI CjLo^ib> ^3-® *^3-® 33^3*'b 

3)-o ob-^^-Lo C-blS Jjl^X) ^3 .3)bJL^) ^3-^jJs 3)^ dJ^^-4uj 

SjoJl^ endospores i^l:) ^I^jI Ul>i 

C-JLoO .^jbJL^l iojti i3 5Li?Jl ,Ju3 dL^-Jl (jy^l3 tSjlji^dJ dja^L^Xl 

Is^iLpc-o bj^^» j^^Luib d-us^ujJ jA-l Lx^ d.x2j^3 j^x-u»b ^y^ <-9!Xcd) dj?txx3 
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^XSLoJI 


jJ^xJl (3 c-L^I (j| Jlo (j| (^»il U-a £«jJs)L?clsb 

.5jljJl:^I 5Le?J 1 j^sLszJsl^ 



tisu^\ i^iS' OlS J5^b jiA :(5)J.^.Mtl 


^3 John Tyndall JIjlU 05 :^ ‘ j'^ g^lill jj-oJI oLIxsej^ c_q; j 

dla_Ltj Jla^wll ^J-^ ^JbA£■ aJ^-LI 

^^^diamagnetism i^^u^U^UjJJ j la^ CjUI^I Ijjb Uli^ JxiJL) 
jl JIJlLu -cl^^ ajjljjdl jOjLacdb Laj! jlS U5^ tcIj-ojpJl Ca£>cJ a.52_a)^l3 
d.^dJa-0 3 aiSwo! ;_^l3 t4.S-t9i gLoJjgjs OU-cwxC'- L^li 

jJL«ai ii^Ij j-o OJuJ>j aiP bjj-0 (jl5 i^jJI c^joJI ^j-o ioy?- Cjjtosj 

CjjIj! aiJ .Tyndall effect J\m6 jdb j^I ^y6 Syblii 


jJjjis d_La£>sluf) (OU-cfcwj^l j-0 ijbkl)^ «b jyaj jOjUai" 

JjLwJI tiods ^3 OU-<-£uj:^ 1 jb j-0^1 Mbs-o tQj jvu_JiJb i33JlLo c^lL 

^bs-fii ^ £^b! d.'g-A.i Sszj .b?t:^b dUi Ijo .l^ljJu:^ Ldl^uitX- ^ah*n'i (yi>3 

liUi a^sj^ .c^joII OU_t_tujp- ^jX- Jj-® «i3-«aJI i>o 

cdb .djillc^,! ^55>dJI C)bj>^iU ^3 J 3 -JI L-u_tjb! ^ 


.[^M^jfUii] ■^'■■■uc.a^uaai ^SLAj^i (^) 
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rUjJAll 


i^Js- iQU-o 43^ C*5L«b3 dQj j\£?- ^ cduSLa L-^U^I 

cl^^l j! ;J j^Luib dl^SLiiJ j^Loo Jujb 3Ji>3 t^b! AsLi^ Jlssj 
.^y?o dly?clj 3 ! jLiJl C)bj_y^ 13^3 CulS^ cl^ (C)b 3 jSm,b c^J- 0-0 
;3 ^ji-SJl Olft^.Q-Lo (Jj Jwa^ OU-^Q.Lo ilLw-o JIJlLJ J^Lu dUS Jl52J3 

(C-t-i-cLu) ^^-QJ-LI ;3 SjIjjptU djJLalj^I jb dUi liLLss-o ttlJllLo ^b! 4 j^ 

i^bsXI jXtiJl CjU-^^J-o C-tLb .dJacJl .OjI^ptU 4 _uiLuj?- ^uLj bMi^ ^^^-9 


4j?JbJ>) OJjb OjLo .«b jyOJ JjS- i*sLo icjjiaJ) 

io^m,! iljCiSbJl tltic-IjJl ^b! 

Ijup- j^i**ib 3 JIju^ Ljjl:^ C*52jd>3 .Tyndallization aJjuiIl ^&-aib Sjl^ptll 


(0-«xlIl ^j-o cU-bJl LJjrisI UliSj Jl^j ^ .(Jb?Jl JJ3III 

ft ft ft ft 

SLpJI j! U-^^by!^ JIJdxJ3 j^Luib 4i^j Lo .5Lc>Jl ^^L«! j-ol 3Ji>3 

C)LiJ oLjpJI (j! Jl) ^ (dUi g -03 l 33^^I JJi a£-jvuJ 3 Lidj ^ 

;j .LoL^ ajbbc^yj ^1*3 C-bl5 Ca33 ;3 J^ SliLo ^j-0 l^blja ;3 

.SLpJI alaicd>l d_tA*SJl " BjjptdJI jJiiL*« LjbSJl IJois ^j-o 


**>!<>!< 

Li^^5siII oLjpJI ^ibliS^l (JI C)>i! S^^SLoJl C-J15 

tb^Udl CiLo^lsUsI ^j-o iijL^I CibisLlp-^I 

^(>!<)rNA bjJI^ (CjLLo^jJI :4d3dl ^ SjuSJl (j<a5SJ Cib^Sba J.^*yL**u ^ dlUjb 

(4-iJ_i-o^l jjbU-!?-^! CjbJI^Lo j! cU-Lp dijii! .DNA bjJI^ 

nuclcobascs ^xpI^jDI JwMi^by^ tL^Luj^jdl b^ 

jl5 j-o^l 3JuJ .j^lovll J-olS^ J_«aJLo ^jbJ 1^5 Sj-oj:^ jAAj tbjJI 3I bjJI j-o 

ii^5SJ Obj-Ocdl (jji iw>-A.I-i ^ Jjbis Jp- I^j^P ^3->j^ibsil jb^I cU-if- 

^jJJL5^lI Jjb«3 cUJp lJJliJs JjL^ -(J^J^I J^ji^! (JI l^cojb 

LoL^ a^LAitl Cib-jy:^! (Jp- J_«ajiJ i3j^ ^7^-9 " oLo^I^eXI 

.CibLJl j-o ibbis C)b-o5 djJbUs ioj^I Qj^hvU Xu^LpJI CiLlOlIl JI ^Lb^b 


.[^>tl] jiiajyjl (:^«) 
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Jgljl rjJlJI 


6[pJ\ 6j^ 

DISCOVERING THE TREE OE LIEE 
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, £ 
OpJOill q^g;iloJI 

The Tree’s Microbial 


Branches 


5LpJ) Jj issj jji SjJaj 

lliLc- Jx- jixc**u l^l j-0 ^jJl 
^jJuJ jLai-l j-o Ja^ juj) 

^&Ja5£-o3 protista CjLj^^^I^ bjC^LJl 

0^3 CjbjJaiJl 

^ tdSjAutcIsI 1 

1 (^ ‘ '“ * 1^ 1 ‘ ‘ ^ C— 0^ 5 


ObjiaiJI 

The Fungi 

l(^QyO^ Ob SLffJl 

OLjjjJl frbjSl ^wJjSt 

OLjJuJI i}l_p JUjil Jl J-^ ij£!o» 
V Ujy iOb^jSLtb 
l^Tt, oLj Jill jjl**'" 1 ". 1C." Iq'C 1 

«Lajl L»5^ J^tiJ ^Jaaa5 
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rUjJAll 


algae protozoa ^ 

cprokaryotes ^^ill CjUIjJ jlsLLJl dJS ^ .(protists 

(ijj i3 oJoJL-ii ^^1 

IjdSi .Sj^Jlpws 31^ Lt^ ^3 cdJi^ljJI iL_(Lp^l iiLsU i!a.c*«j 

(jl 3Juj . 31 ^ 3I ckaryote^ iai^s 3I Lo (jlxo (3 -Pro jjaiLoiI 

.SyjU^ j^3 4 _«AjLpcio d_cccd?- S^U* asbSb SLs?^ oUIjo \j))J>- 
j-o b^liJl Sl^jJl ibljo d.A^ j-*-*-*^ C-cPO iszJSjJaj 

molds mushrooms ^15^1 - ObjIaiJl jl jiuSijJsl 

i)lj3 Jl^I -ijkjJiJuo J,^_<tj OLjjjJJ j^jjLo Ljjlsl (^yj2i - yeasts 

.CjbLlIl j-o (^y2>3 OLjjjJl i)lj3 j-o C)bl^.*i?tJJ3 CjL^JjJJ 

C)b jIoqIL dJLo^l CjLjJuJI jj3 ij^lcd! L:^^^-i_J! cUJLft ^Lai«jl jJLI 

11 • a,><>u) Lal^I a>i.^^J^. 4 _d I jj LmxX I liMA^iXira)^ Clj\^C.pd I ^ ^j^ 

J-^.^ 1^3 af-j-wJ 3 -cUj 1^31 U 5 ^ £jjU-cdl ^bj^^ 

aiisji-t)! a. 4 _ai La;^ I a^p -^1 alLo;^ I * 5 Ju.^ ^ j-®3 ■ ^ b-^pJ! 

cLbLo-^aS LoLft Lprlbvao 8jua-pJ! ju. 5 slll j-o-sdl J^laJ 

bliU^ L^Lp- 5-®-^ 0^1 ObjboII Jj i 5 jJb 

jjlS^ ^jS) 3 - CjLodj'-tJI ij*^j-ll 5 j\-g 3JI jjQ ajL^ssj 

^5I OcplJLI O^s-kip- (^^1 bjUSbJI Jlssj iijLlI! iojJjl i3 ^jb (^y?- 

.Escherichia coli a^^J^JLII 

^Jx '3 .CjbjJaJiJI ^Lft j-o jvi-o [SS^ jjUpJI ^ Jb?JI djz-cJaj^ 

tdMo*p- d-Jj l^is iSjL*p-3 bMp^ Ob^^JadlJl ^bvo jLs 5 j\-opcJ1 q*Ss- 

L_^lip3 L^3 jl^ J5 3 ObjIoQll .ab^Jp iu^^l J5bjis 

Lcj 3 .aj^-kOszJl il^-oJJ aiiil)l J-ol^izJl ^ij 2>1 ca^jd! 3 jlSbo jS 3 US 

.LpjI Obl^.£pJI JOSZJ biibjLSZJ US cijbjJl jpIj-oMJ (j**.bjJl lw-.C£*Jl OjS 

jpIj- 0^1 jlS-ff ii^sz-kaJI j-o 3 ObjJadlJb dJLJ^l CjLjjjJl 

9 

3:113 0 - 0 -=^) coccidioidomycosis jbjSJl jIUqII Jio (^1 

:)La-til 305:1^11 oAjji J-o^ .ob^jS-^-oU S:)LAtl aj3:jyb ((jSl^:^ jL« 
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, £ 

Oj^uiiD QJJgjiioJI 

Lo lj\lS ^ j -03 £4-oliJl LsIJjSsI Jl*^ Jlp- cLo^jo^ tOlijloQl! 

(L^\s> IjIjI ObjJa-oJJ S^Lotl 

The Protists 

^3-0 OLjIJj (__^l]aj3 Objhall isLb^b 

.ObjJojjJl 3)^ J-J-Qj JlssjI i)lj3 d_cpJl CjLjI^I L^Jojjj Ob^^^Sb-tl 

coJUJaJl^ jl^^b bjuJjij oJl( 1 s Ca 3 j^ 

C)bl^jj?Jl 3 ObLlIl j-o Ob^jSb-t.! .«C)Lj 3^33^1» J-obiJl ^Ua-oil 

3)-«u£b dj^Juo <Uj (__^3 £«d.JLiLp'» 51^ ^^Js- ijj ij Ob jIoq!I 3 

ij-0 L^-o_a»l jJis ^ 0^3 ) ‘^^'-'-L^JlI i^33-*JI j^iCkpJI (jj^o L^^3 c.Ltx- 

d.J3 JI <Uj 3)-® ^3-^^ ckaryote^ (^^-*-52-^ "Cr 

l_AJIij .SI3JJI L^b (Obl^-xi^Jl^ ObLlIl^ Ob jholl^) 

£ jlSbo (J5 i 3 (i^ 5 ^ 3 -Ll i)d_*j?Jl OLblSLIl 3)-® ibbls 3)-® OLj3^33^1 

s:li3 £bj^l tw»-*-£0 (^^1 dUj jOi i)jOJl OLw_£«-o J-cuiJ (^^13 

£Lj ioLo dljj ^3! i3 Sj^So Obj^^^^^l 3)-® JoJ^l d^3J J^3-^^3 

,^^1 dSjJl oL-o i3 J3^?tlj L^lj liibsJ^ .OlixcpJ>l d_oJaJl ^j-o 

.1^3)3.01 O-o ij Oj 50 

£OlJa.£5>ttl ^ U-cuj^ LOj lj3i (J3-«2JI db-Jb ^3^ 0103^3^1 

dlszs^- 3I £(33^1 oSl^I 3 iJ3-Jj^^ Ju_taS^I 3^ 3® *0^ O-xxij dJ33_t«-o (jy^ 

£33«aJI cLlJI CijiliJI 0103^3311 j-0 i£-3<sj:^ 05 jJ Jk33 .d.*j?JI OLblSbJ Lp-ILo 
O lj3l^ jl ^w^l3j J3S0 .I^j 33 £1^313^ dJi! £diatoms 0133^4^ U 

OSjj ^3^1 0133!^jl j-0 OIBJs j-0 £diatoniite 0^3jbjJl 3! £djj|dl 3 
0-o5ljj .(8102) lSb_L_t*Jl 3® 'd£-303-t5l3 ^b>jJb d-^w-tiJl dj3i3Jl LjsjJlp- bjsclj3 
Miocene ju*i3J5l 3j<i£- JSb?- Lo3«a3- £d-6‘d£Jl jb?tJl jbs^ i^Js^ OLilJaJI OdLib 
^^3^^ 3^ biij'^I3 .d_t_uj (33bLo 25 j^| 2 £Pliocene (3Lui3-*-bJl3 

dSbs-i^ glu 3JJI £Oj 3AJIS £dJ3£-03J j-o LjjiJb Sisquoc Formation 
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rUj^AII 

il^-o CjLojJaJI DJui) JSLiJ dJjbJJal dlusji^I b!iL?JI jCisd .^J3 l5^I 5 

i)nVio\\ isLolS L^1 Jlp<;1ui 1 jSLf 4.0^ 

U^SLo CjLo^IjjJI JlcLuj .jLluj^I jv^^Lss-o^ (jiUsil CjUsaIo^ 

jAilj^I liUS ^ Lff (eLw_QJ3Jl Cjlj-fcit^I ^&ii52-o (C-tA-objjJJ IijIj 

.UbJu**j^ L-*^3 Sj-wjsJ) isJuo 4it9jJl UbULlaJu Cclp- 
(^yls3 cLJl ^Jx• SjJiLiJl C)Lj^ 3^1 ^j-o 

OU-^ t(«3jjjj^l SjL>^Jl C)^L»>) coccolithophores OIjjIJI 

d_*j>jLpJl L^I.*_L*j d_Ji>Jl i)JiLp-l OLjISLII oJob J-*-^ ‘^^*-*^5^3-^ 

(booJiszJl 0 Jl(1s .(CS-COs) ^^-^-wxJlSOl ^j-0 cSj-^-O-Ll 

i3 oL-^ 5 L) OljjJuJI Jljj^ .jwUaJJ ijAcOjJl (^_y^ 

Cretaceous jjbjJI j^li^ JSLio C)jjis:)3l l^iSU LjLLa-^ 

Ax.4.uS^I I Lo^Xa^- c(Ij^.a 1^ 66 ^1 a_i_M) (^^.aJLo I'lS t^eriod 

C-ol5 dUjJ ds>z^^ i3 

SJlps^I b^j^l U-0 <^13^1 .^LszJl cLpijl ^aJiss-o CJoi- 

(jLssa^ ^^Js- '^j\s>J\ Oljjj-Jl OJl^ d_»j^jLc>Jl J5L^1 Ca-c^SIjJ .d-cL?-!^ Ijlco 

3-0 (jSLo^l j2i52J i 3 L^Sbo_a* J-oj jiJyLiaJl 3“® 43^5^0 £O1 

j-A5zJJ 8j.A-cd>l (IxuaJI (^j-(is3 c^^L^-UaJI dJuis CjJlco .^J3 3 Jj ^J3 1200 

j3i5sj 03S0 .^LssJl cLpoI 2-*-'0-i> i3 (<<jCyLi3» 3! ccreta 3-®) 

White i 3 frbioJI CjIjJlpClIjI 13 bisj-^-Ail^ £3^Lo^l 3-® ^^-xc- 13 
cU-^yi ^jit 3Jis3 £Albion «35^1» dho! J-ol CJlS” Uj - Cliffs of Dover 
i3 jCwLJaJI 3^ djxJaJ j-bb-o ijJj 3^^ .(^yJissJl LilJajjJ ^3j52-t,l 

CaI^ l>^ 3 -o lS3 i^^bjj53 ^ Alabaster Coast «j^j-Ll Ji>Li» ^Js- LJp 
.dJjL^jJl 03^ OIjtv-o^IaS 6 (J^ia-) jJlp^Lo Jiljjjol 3(^3 cMoiis Klint 

C ^ > 

Ju-AuSt (jlil ^Lis Lg-J^3.'L£Auo ^3jA_^LJaJI jwLiaJI dJLb Jlssj 

iibj3JjSLll ^JSJs^ ^ISLaaco ftLbl i3 ^53^1 3^^ cjIS cdlLljfc 33-jj^l 

L^iSLjti ^3 a_£*JI^I C)b3jl g-0 '<Lij\^\ OljjJuJI £(H2C03) 

.^3.AA£Jl^l 0033^5 3-0 ‘i^3-l.l3 cjLc^^b d-^AA-tiJI d^jLiJI 
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Oj^ulllU QJJgjiioJI 

(JJjLo^ OIjJJlJI I^ LJaJI dJLJs Caj 15 

4iILLo ^ cibj^kill ijialU ^5^1 Thomas Henry Huxley 

9 

«(j!il_ooSLo» dipt* i3 1868 ^LszJI i3 £«jUAiLlaJI ^j-o tlszJaS ^j-C•» (jl^lszj 

« c 

J-«a 3 l djL) j\j^\ jmi \jjt> (joszJl ^_Q^3 .Macmillans Magazine 
j^3jJ3J» JLi IJo ^J-C' “ioo-LsJl 

j-0 ^ ^3^^! j^L^l diL^ i3-o-£^3 Darwins Bulldog 

j3^1 jl C)L!ap-^l eIJi Jl 52 J 3 -jb^l OlJabLt-o 

L^.*-Lp i3-Lb>t (^^13 c'<Lij\s^\ CjIjjJlJJ d^ohvll bliJl ^ djLJaJJ 
Ijruioo £^ d^ OLjIS 1^31 (Jl (J.£u 5 bb .Globigerina Obj^Sll 
ji-ol OLoo 5 o dJbjJi C-ooSljj (^13 £,^5udJp^l ix£i?ttl J dljU-0 Ob3j^_oo ^3^3 J| 

J Sj-oJaLo dxpJl OLblSdl J^3b?-l (j-o ^£-3-0^^ ^^3^ i3 

(J_£u^jl> (j5jr dJji^l cjL^3 ^ jLc^j-tl £juiLJaJI diLJs 

(j£ L^3 JlpJ J-oJIpJsI CA33JI3 djji.^LJaJl djLJaJl j3^^ ^3^^ ^'^3-^^ 3:?^^ 

^ £djjruiiLiaJl dJuJaJl J33 iijj ObLj ^3^3 (J-C- dJ^t Jl^ 3 jJiJ .(3j3JalIl jUalll 
gijo :j.*JL*uo yJzj dJb?- J (j^j^l jl Jl 3^3 .ii^ptJl C)l33iiUsl j-o Ijoj-o 
j£ t^l djjJ (j5b ^ djl (j£ ‘lS 3^1 ^bjjl bbj.*.^ Lbjl ^x>£aJ 
^1 ^_Qm:So ^ ,^1 isssljJ! 03^1 ,^3 £plate tectonics ^jLSJl ^LLoJI ^3iSo 
OJl:^3 (^^1 iJl3.*pJl ^^^133^1 j^ C>L!pbjj^l3 iji^b dUS 35 zj 3 ^J^^\ 

JU-tl ^ll3 L^l J-oJipttl j\£ (j-o d3l Jl jialp-3 £djjuiiLiaJI djiJaJI Capo3 J33 

3 V ft £ 

d.-gJa3 (J-® Jl-ofl -j^^l Jl J 3 ^ b^3£>-l jl Jo ^ £(JIpJI (J^ dL*A^Lo 

^&^.*-03l £Sj3S^jJ3l ^^IjJsl 2'*-'^^ j'-* j^ -C-ASLill J-dsZJ j-03 jrUoibJaJl (j-O 

.dp&^^ L^l £«J^-^LJaJl dvlo<^ j^» Jbbg* SjJij 


^LhsJI 
The Archaea 

djj. 3 :^! L-p- 3 J 3 -t_J! ftUJLt (J:>33 £5I3 JlII CjLjIJuJ ^J^-^J 3 JSL^.I (j^sliaJLl! (jo ^jja 

(5jJI tills SLpJI ( 3 lia 3 £^_^LX 5 j! jo3 LuLo ^333! djj3iaj dlo ^3^3 dSj^s-f 


37 















cUj^AII 

^bj| 5j^L5J! dj^LsJ! Ob^jS^I dUj dli^ \j\^\ ^_o 

((ijlj 3 6 ^ (o^^O jL^I 

t5^«**-Q.II 8 jo jJij CjLL-J! ^3-^ (3 ^^Js■ oj^liU! dLlj^ 

i)^Lo 114 J| L^jljj?- J-*<aj (^^1 g-oLJ! tiUi 3 L^ 

J^JLcJs! ^1 £((iUsl obii- dhb) 3 ^ jy^ 05 ^^ 0^-9 " 237 ) 

L^ljL^ iJ-2lQj .iijLlaJ! JJLo illSl ^I^jo 

Ob^jSLJal ^3jll52J! 3^ d_»_aiL^! OLlcJ! jUjSSl-ai3f dJbljJUs! 

,^1 d^l oUjlSbl! ^1 textremophiles ^^^^1 oLiJl 

.^L,«ajo d_fc£>tJI CjLjISJI bijJe^ (^ 3^1 OLlxJI 3 
^ Lo ^J| 5Lc>cJJ d.-oX-ljJI JjI^-L! 3^-^ LLo^^Ax) 
dus^l CjLjISJ! Ji3 Lo J| ^ll£>cj 3 I 3^ll5J! J-xxot^ 

Pyrococcus d^5jblJ! 5j5SLt! (J^ ^110^1 3-03 

8_^:?taiL! «fib5^! 3j>ljLtl» ^y^:>^ZuJ (^13 cLijaj> CcLtj 5 l yayanosii 

I J^i^3 c ^ _Q.*^3 ^ I (3^ ^^IszjS xii 

Sbjb 3 ^ 0^13 tMid-Atlantic Ridge 

^» c^LrjIjJI duuxMtlil C)b C)b?tj 3 fl ^^luJlm 3)-o bj3jrCSLl|3 J^^sj 3-0 ^oSLocIj 
^1 63jb i^jiJI ^>=»tJI d)b?oyi Cw-o_^ cPourquoi Pas? 

(^1 Jean-Baptiste Charcot 5 SjLi O-^b jL^ t^^loQll 

_ > 
.1936 ^LsJ! 3 ilLs CjJlos 

ias-kill J^LqjjI Oljob J-oj^ciI io jt- C)3l*A q 1 d.^^bbJ! i)j!jj?tJI bj^SboJJ 
JlLp jji)^3J3 iJ-txE?cij jl L^iSLc -^-Lta! CjI3.*5_^3 d^j^3 

((d^sjjjo iJ5J 174044) b^i^ OovA 11843 gJbJ! All 

A 513 glo i 5 dJl 3 L5boLLa;3jJuji) A JAo'i L^I 3 ^ 

L^-LSLc ^ .ji-LSSJ Jas-wol! SJuJiJu dl^j J| J-ssJlIb^ .JaJiB ^3^ 

jjISLzj 3^ -b^i^ A 247 3-^ J^ ^ U* L^-235 sj jjs- jjISc5 3^ 

.jj<bj^l Ol^^iidsl ^oJa52jo3 ^j-o A 3 jSj 3 ^ 3 ^ A JJS- 

J-o.E>tl3 (^^43 £d5s.QjjJ5! 5jljj?tJ! Cjb^jJi J| d.^«£*-Jb ijitb dJLfJjJuo (3l3'^b ^o-£**Ij3 
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Oj^ulllU QJjgjiioJI uLorill 

c(C-oL^^^ 226) dj^lo C)L>j^ 108 

l(^hvOQl 05^ c‘i^ <1 ^jS 1^3^ tiUjJ i^LJLl! ^jJI J-o-OcJ ^ L^l ^&-Pj 

cLt! oULp ^jJO J-JLqj J 3 I) ip-jJi 98 iljussjo Sjljj?- ip-jjJ 

JJjj Sjljj?- i3 tj5^ jjlSijj jl L^JiSLg' ^ .(jj?tJI ^ 1**00 jjs- 

* ¥*¥*¥* 
dbjJI ^3-^ OL^j^ (..r‘^3 176) dj^lo 80 

(3 " d_*j?tJ! CjUjISJI dJLoGja ^jlj^ cIJuj?- 133-*^! 

£d.^^bLJ! i)j!^^£>tJI Sj^SLL! ^ 0^3 .Ob^^Sm,! ^&iis 2 jo dUi 

ipuo) piezophilic iaJl jl tarchaeon ijjlisJI 

5jly?J! C)L>jjJ ipto) hyperthermophilic iajLil! 5jl^^! (ias-2iU 

CjUjISJI ^&Ji52jo ^^]aj3 jl L^Uii tS Lt^ 

41^! 3 >‘^'^3^3 J-c-cxIj dUS ^J| ^Lo^b^ 03 ^^ 05^ ^1-i.cJ! 

j^l (j 3 jS !3 £^3J^3-«aJ! Juj^iS 3^ ^Lt! 3 3.5 ^53I5>cJ ^jylll3 ic>-3JLtl SjuJiJu 

.(djU)! 3 3.0) d_Jb?tJ! oLoo 3-0 

L^uSL^* ^ L^^<.*a.Qj dUbS^ L^^b^to d_*_a(33bbJ! Sj^SbcJJ 

•JmoJLuxJ ■^1 d_t-uxJL Ib C-.^-GJ3 *l3^bl jji>j.SSlJI (jylc>t9 J-XXCO 

3:)ji3 (3^ i>Lit! dj3*^yll objL^! 3-0 djisLb ^w)3^^5m,l I3ji> 

i)j!jj?tJI Sj^SLts! C-_tu-J .3ij?t;u**S^I 3^ LoLuo-aS^ ojLAoS^b! C-jj'^SJl JISLjuI 
J-oa ClJ^lo 5 j3.*a.) j-^bi3 L^JI^ c^Lj^-S^-oJiJ! 3^LX5?J! 3 ^ JL?- 3 b d.x.a(3jbLJI 
3-0 dus>J\ CjUjISJI oJui) 3^ JuJlsJI dlLiji) d.d-<-J! j-fijI^JaJ! J| > 

3 5jLE>tJI j-uLlJI Jbo iisaS^Lo jr^ CjLLu 3 b)Jj 3^^^-o-^ cry 

.Yellowstone National Park 05iu/3ij oyiia 

L^j-o J!;^3 0-® bJLp C)lj.*Sjj ^$^3 i3 t3jk5Jl OLp^-oj^ 

oJjJs ip-^bo Jolyj ^.0 .j_oobl jjcup- 91 1-^3^ d_£pbi3l df;^l ^-*-€' Lo ij^bll 

bp-^Jbl cy^l 3^Ll5zJl 3-0 bJbld OLp^-oj^ L^.aS SiijJajo Sj3-oj dIjJl 

bszjjbl d.xpbbl C 5-^3 ££>3-*-(Xc4l3 bjj^l 3^Ll5zJl 3^^! 3 -odJ Lo \juS .Jolyio JSbio 
bbbMi^ ^^^3 id£>3bo dfjJl jJi\ 3 cHaloquadratum walsbyi 

.d5ZJj.o3 diA9j3 ftlj-oj> L^^So 
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rUjJAll 


c^jJaitl OLLcJI jl 

(^y?t-oJl l 3 jvaJl 6L-03 OLg-Q-UL^u-U^ iijiJl Jj-o iljisz-o gSl^-o i3 
Jl OlJa-*j?Jjl J d_cj?JI OLIjLSLII j-o JjUjI J 20 ^£>6 ^o.lL) .OlJa-*j?Jjl3 

OIj1^-*j?JI ^^Ic- fjs> M-2iS cSj-c-o^ d_cc>-^^-*j JjLirJI >^3^3 oj 

(jl 5 cjjjiijJl (jjiiil oLi.<jg-<.*»t .i)LaU C-oJlp- ^> 3 Ltj 5 l 3;^ cL^ 

JjlisJl j-0 LijjLlf'b liii?-^ L^<.Lg- C)b3jSwJ5l JOSZJ (jl ^Lfll.g'j 

3 

JjJlszJI ^_iL*cl 5 l cbi^iijiL) ibj^lSLJl 

cL:>3J3Sj 3^ L^j^a £?69 0^ JjllszJl ^ .iP3CJ?tc-U 

bMj?- ijS' Sj-o 35 35XUJ Ja^3ltl J L^-oj?^:£> cbi>bMj> ;bjAlSLJl d_c«ij 

dLb J bjU$_JI dIjLillJ3 cbjUiJl d_tu_aj b^lpJl £C)bl3.*i?Jl 

Jl £d_cL:^ljJl Jl j^iaj3 £Sl3lJl OLjIJlJ i)3lcJI d_J_Jl 

£bj\lS!_Jl 3I3III ibljo i)3ipJl SjLsszJl J L^ljrulul ^>S-j tjSLl3 .S^Jlpws 5I3J 
C)l 33 Lktl 2-‘-'«>-?' 0-^3 bj\I$^l iSj^^ ^^3^ L-iilio j|s 

I “‘ ^ LibJjl .dJjb Jlo S^^. 4 _oJ 3 l ^ 3 . 4 ^&J 1 4 ^LcAi.«^Jl L^.<oj 

JLP-3J ^ ibLocuS ^13-0 ^j-0 tbMitJl Jn.j-'Pij 3^3 cLoj^^l cbilP 

j-0 OJoji i)3iiJl L^IjJli^ jnvJ ioLocuSUl (l^lJl3 idv**h!l J j 3 *-I jlSlo ^3t J 

•• fc ft ft 

dJiJii^l ^ “ijbiJ ^3l L^Urjj| J-o^ ^3 ^1-^3^ 

olio J j-‘^'^j-> ^bjb ^1^21503 it33lll OLiiJii?- 3I bj\l$_Jl J L^.*«_£ij 

.L^Lq-PsJ i^j 3-1 OLj 15 

^J^J 3Ju_) Lo d„Q^U jO iJ3j^! (j-o iff'3-oj^ dJLiJb ^iiJS Jl ^Lo^b 

JbXI Ja-i-w .d.xA*jb«I d '33^' OjLsM-l^I Jl jot*o t_7^^3 ^b^\A^-iJ!3 (^3^1"^^^^ 
d-OJ3jj JsL-oj JJ3O ^ 3 ^ 3-13 b3USbJ!3 ^3£>cli! JS ^A_*aJ 

t oll r>rA ^.^EaJ b)btt-0 I ^ ^ I cCOl'kSCl'CW 1 I •J»UaJ I d_AjLo 

iL^ljisI Jl 01 Jle >-3 ^LOb bjUSLJl J| iIUj .LoL^ 

i 33_01 CdLC^ls JSS- 01 JlE >-3 <_Q*vo 7 Q ^^llsJl Jl iooUtsl dUj Lol 

.^JLcJb JaOjj £ flagellum 


40 

















, £ 

Oj^uiiD QJJgjiioJI 

^ (Sl^l d.^.Q.^.g.'p- j-o juS JjijJuo jjLj i3 

13^3 C)ls3-L?t« ^5l i3 3I j’'^^ l 3 djl ^lixJl ^5l 

Jlft .Ljj^ OlJiLa-tl io^Li-tl OJoJui i^llsJI 

4xj?JI OLljlSLlI J-^ (jb dUS frU-Lft jaszj 

. ji3j-tl L^Lol 3 I ioLiiijl dJbji) j5o ^ dUJJ 

3 jl* 52 j L^I .d_cPtJl oLjISLII ^j-o LoL^ Sj-ooJLo J,^_(iJ i^LiszJl (jLs JL> ^\ 

^ 5 it .C)bl^.*i?Jl bbJLSzj jA^j OLjIJo j-o L^jlsb^ (bjUSLJl 

i»3Lij51 SjOjLo oLijlSLll j-o 4.1.A^i.xa usLiiSl 

.d_cpJl OLbl^JJ 4ftj.aiJsl ibbJl tiLol^l SLpJI 

bj^l 

The Bacteria 

t 6 _ ■* 

CjLjIjj j- 0 iiJl (jballl ^^yi>3 cbJ^ISLJl Lfj 

IjJl^xo bisjLlftb^ iJjjJjl OLoJajJsl L^A^I^uj (^^1 «^ 5 -*j 1 jj^ 1» bisjLiftb 
AjAsJI Lajl pAiij cLo Ap- Aftb^l ObjAlIl frbjSl (^^3 £C)b3j^Jsl C>jji> jiJ 
cb^^\A^iAJl L^LjA^I ^ Q /A^ < AjI^.^1 

AAo ^^iszj Lbl ^J-^3 -^351^5^1 (J|3 joszj ^J| L^A-gj L^lj3 iiUj53 

• * ft 

Obj-^i^l j^^^3 d_(A-o3^1 gjb 3j-o J3I LfiiAjSibi LoAlft £1677 ^bJl 
iLsz-oj^ L^io 3 ^ j -03 £Antonie van Leeuwenhoek dJ 5 ^A;^ jli 
^■■^3 LjAi?- cJJp jrov*] L^*A-gj L^LiMft3 L^ oLjaiII asMft jU £iblJajjJl «i£5m,l 

^Ap 0^3 .ibL^l AxpJl CiLbl^l j-0 ibbis 4P3 *j^ bjA$^l 

L^^Ij jt^ £C)1 j%LpJ1 JLo 3I31JI d.£.Q.£.a.p- CjUzjoj^ ^ap j-o Jst ^3j^l ^^133^! 
jljJA:^ bjA^_JJ jbj^Joj liJllfii .13.00P dJ_cJl 1^3 LaS bi>^b j} 

£cyanobacteria ^IjjJl £l^lp3-cw^ \S^l 0^3^ 3^^ ilii^^b 

gx-oj?- L^-Jp A-oAszj AxLojzJI (jJ 1>3 £j\Pt.«A5^MJ ^Al41 (33-«a-Il c-LaJI ^_^^Lp SjA^l 

1 __jJ 5>3 £bjASLJl J3-^ AiiJ3 .L5>>i3:>3 3-0 L-bzJl SLpJI iJlSbail 
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rUjJAll 


cUiP (Gram-negative bacteria iJL. bjr^iSLJl 

d_u^L> (^_5 j 5>3 £«i<jL-o-*5LII oUljJ£-^l ^j-o SL?tiJl ^^Js- L^jJ 3 

.Sl^l cL2.Lhs> LMiJI bjJo^^lJsl i3 <1*31) C*ib 

i>jS J.AQ.) - bjuSU) iuflji SiUJ) C)^ JlqJ 

C)L^ i3^j^ ;J jx- j-o 

^jlj-ll iuiIjjJ ticLaill Cijjt CcQ.^ .i*3l5 L^! (j^ic-Ul ^^1 CjIjJl^I 

ft ^ ^ 

bjUSbJl j-o ^xyh^ll ()jj4>b \s>’\s^ 

i«^ S a_Lo L-j-wjj ^ ^ ,j^ ^3 ^ ^3 ^ ^ ^ A 52 XI ^ 

C7^^-3 ‘bjCiSbJI ^j-o JjJjJl (J| tlcwCLlb iiLsU Juj?- 5^^ ^^b \jJi> . jupJI 
Jal^I^ JSbiu b?t«bl3 C)b ■HSJ £4 jJl 55XI j«bIj-o^ djj_u*-LI dlij JipJI 

1 ^ Ijjis Jio j! £lt_oUI 4 LL 1 JI t^Juo 

(ajjfbl ^j-o dj_Lp ^ ' (y '3j ajjCi^_JI b^L^I .bj\i^_JI ^j-o 

^Ijitluib ^^b33 ‘tlLsJl dUb* djbbJI 0-0 jdSb 

^j-0 6j%iib-0 Lo dj_0 j^jCiSbJl bjJI ^3-*J3 jIJlQ-O i^b‘^ d^ ibJupJl L-ujJLui^I 

^-^3-^5:;-’3j^b-LI siUlft C)L«b-bI CtJJb JJLo L^If-bj 03*^ 

d^-Jwj d' bjCi^_JI d^ d^ d^^ l^tob cjb .(^jCi^_Jl 


.SLpJ) 5jj?td ^_Js■ 


SoiXwiJJ Q.itA'g.n 

♦« 

The Tree’s Phantom Branch 

L3^52J (^^1 d_oolidl (SLpJI OLoi^J^l ^ 

JlJ^iI d_L^3 CiLoi^j^l .bMi^ C^*u-(-! ijjAfLoi^l 13 ^xpJl oLjI^I 

du d-® ^ribosomes C)G3^3^jJl ((jllll jJl^iIl (JI3 l^isLb 

* ft ft ^ 

dLs (SLpJI i3 J-d-cCLU dJjb^ j\S' L^l aj^iiJI jOjUaiJl 

^ dl (IAsLLo ^^l i3 L^liSiL:^ ObL 5 i^ySi OLo^j^iJl 

C>^^.pOuJI ^ biijob^ djj^d.^1 O^^ 

i3 oLwj^j^iJb i 3 -b^ U-*5 S^iL) oJjji Curtis A. Suttle JjLo .djt q^jS 
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, £ 

Oj^ulllU QJJgjiioJI 

CiliicpJsl i3 ^^3 «oLpJ1 Jl5!_<iil Jl.ls 2 J Jlp- C)Lai3jr^l» .Olh^'yJsl 

li| ci3 10^**_) jjJUsI OLoi^jxAJl (j| .jLptJJ i^jIxpJl 

C)JlJ?!J cijlj J5 i3 60 I—)j3l J-0 Jl52j 1 JI ^U.0.1*4t ci)L^ J-0 OJuO 

cOLs^ Q**-*^j jJuiio ^^3lJLS^JI OJjJi .ixLptXl i3 <L^^y3 10^^ 

.«jlLcpJI jLj^jJI j-0 CjLjISUI j-o L-iJs i3 ^w--*-***J3 

jL^b (Peter Medawar jl^l t Jj 5J 

4Uj dLL) -«i3 d.l(.(u-!l jLc*-^l j-o dvloQ» djb Loi^jr^ C>j^lsLi Lo 

3 ! bjJl Jl^^l JlP-I - t533-dl ja-O^b 'i*jb3 OLo^lsZ-O :£L_aiLai^l 

jUlil 3I Ur^^l OLoi^j^iJl j<a52j Jl^Ipo capsid 13 djLL^l - bjJl 

Lc 3 .i53JL5db L^Lol «lcL?- ji>-) j-0 frLu-vj Jsb^to L^-«asJ3 cd.*A<-^Q.II j£>-lJo 

^***-0-^ £d_cL?JI j-0 Liij ftLujgJb <lQ.Lg.U oLoijj^iJl jl 

.d_Jidl dllj cbilC 

^JJ3 ^^lo^ll ^3-^ l^l^^Q'i [Sj^\ tj CiLty^jviJ! g-^-0^ dfjuiJ 

dUi ^JJ3 ^Jo .L^-tw_Qjb jjlScd! L^jjJ ^Jlp ^7^3 £d.*£>tJ! CjUjISLI! 
CjUjISJ! Cy^ dup>z}\ OLjlSd! (jiiszj JuoJ^ 

d.A£»-3J3^! SjjolJ-t! Qjjt ^3 0^3 ^-*^b?J! L^id^J-fcw-o liJjLtj d.A£»J! 

objisd! jb ibiii! sjLff-iiLU l33jj2-o cbii^i ^ -ibL^i 

dj?CLLo (L^-Lo jdSJl 3 I JjJisd! S^Lft cOLto^jv^l jii5ZJ i53Jl5zj djLo^ 

. O ^ (j-® 

g^bJl j^^3^ i3 ^1 ^3jJ2-tl ^Lft ^J^ C)L«3 jlqJI j3-Jo ^ 

dUi J3 (b_a)3jr^l joszj Oj 15 Jbdl ■j'^ 

jus^ ijl3i| 1798 ^bJl i3 .433^^52,0 j5b ^ j«blj-o91 OJjis L-)L_ail jSJ tLb3b 
1885 ^bJl ^3 .^3 j ^1 Jl*^ glii ^,3^13 ^ Edward Jenner 

j*' 3 j\AJI Joseph Meister jfu«-*-o k_ij33:> t3 J3^^ 0*^3^ 

iijJij g-^3 £j3i^b .d_i«_aij c>j^ ^IjLcCLwjb rabies iwd^l djJ 

jJLl .^wd^l cIjJ d_o_MxJsl io3JjJ^I J3i52Jl 3)-® tj^boJL) ^ (jij-Ll <bo 03 JjJ^ 

> ft ft ft 

^5JJ (jl 3)-® jb J-obdl jb cgJaJb 
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<^*.<0.1.) jl (JAJSZIJ L^J .CjLoi^J^AJJ ^jJZ-O d_ooli^ J^t jl C-cJ Ail 

L) Ai>t 3 Jb 3 tCharles Chamberland Ai^jusLiJ 

(jd_aij^l) i^jAooJI L^jidl i3 “ii-cuiitl ^Lw-tl jl Ail i3 J-AaJI 

dAo ^lAitLwjl jSLfi" djl^ cbjA^-Jl j-o j-i-ot C-dlS j\i 

c-U-LszJ OA^i-o Ol^^l OLpuij-til CA^ C-*j?tx-ot .dju^dis^ ^ j-®3 tJjLui j-o bJ^IxJl 
.(d_A^l (JLp- j-o Lt^ ^lAitl^^l A*3 JljJ^ Caj 15) .Li>^^.U3j5LJsl 

jLljl t 0 ^.miLaJI Oj Li-la^Z-mO j^ ^ -* ^ 

l^ 3 j (j Dimitri Ivanovski (^^-A^ 5 jLij! Uji* cU-U 

jl (aJ^^ CJi}:i (j Martinus Beijerinck 

l^Q-Ajgj j5L^ ^ j3-l (Jl CjLj j-o cLu-i«-«u-Q.n (ji>j-o Jii j-o C-aSL^ (^^1 

jlS^ j-obzJl jl (J Li)I d_AA-^l .AjJ^^^-oLaaO ^Ayj-o 

Lii-u) j IS^ d_) I (J iALl)^^ L) d_AA-^ 1 . 1 A^^ a3a-*^ ^j-q^-) Lfi" L)j\a^j 

gLiA-0-M.J jL^?-! ^^aJI^ cAjAj?J! d-o-4A»! (j£?tAA«_J i^^^iSb L^* LoJAito (Jj cLoL^ Loiiito 

(jitjJs iwAA-tw-tj! J-oLsJ! («^o-«J!» t^^^Asz-^ AaIaJ^ dt-Hol j-o itA^^jrviJL) 

A^ 1 t. Q -.^ 1 I Lo j (,. 7 ^ 1 1 1 ^ L(A^iAAAA9 

J3a-€ 3 -filterable viruses Ol-Ay^j^b) <Sys6 

. I CA^ d_2-oJ I ^AifS.i«4* I i^jA-MaJ I 

jjJ■^i^l jA^l Lt^ ‘i-wj3j\iJl JlSLii^l ^_Q*b) dj^A j-® jSboAj ^ 

d-l^-,ii3 ‘5^1 dLw-i-tuS (J*'3 a^ Jio cL^-ii^zj a4^?^1 A5^ 5* 

jl jy^ J c(53a^ - i)A'^l if-LUjl ij^aij \j^3j^ ■ A^^l (jrov .twAA*i.Q. J15 

l^is cAAisslIb ciu^^ill d-^So^ wAaaOJ (jdl T4 idbJl Jio ti^Ao ^L-b 
d-^iJ IsLJt A^l^"’^ J-)Aj JaoAo icosahedral (^^ jcus^ (JaiIa 

J,^_<tj oLoi^j^ill jjbij dUiSb .dj-Aw-o djTs-i-oj (^j^aL) 3 C)lj^i«j?Jl J^aI 

£ j^AsJb ObL-Jl iwAA^aj LrJI C)Lai 3 j\iJl (jOTZJ Aj>j) L-iJaJl JjJs Aj?-1 A-Lc- .j^ 

ijjjb gtaS (^y5i3 £i) 3 jLll AC-l^ill j-o CjLS-o j-o ibltu-o L-illlJ 

biiAliisl twA£-£u-) viroids CjLAi^jLill clAiil i^j-o-auj (jdl^ tbjJl j-o jUaJI Saap-^ 

9 

J^bsttl o*'3a^ 1 L-iJaJI j-o js>-)i\ kbjJaJI {_Js>3 .iAAjjjdl ioA^LoJI J| 
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OjrULUJJ QJJgjiloJI 


U-0 tLjjij Ij^l^ L)3 jS^ Ojias jJUli tmamavirus LoUl mimivirus 

^ 0-03 L)j\i$_Jl ja 52 j ioU^ i3 

c ft ft *'* 

6^ <Lul3 (j OLy3j^l ^ U'J 

ft ^ ft 

IjjJl L-iJllj JjLb cOL4>3^;\JJ1 ^3 lS 33 ^^ (J-^ 

CjLljj.:^! O 3 S 0 J3 .Jle?-!^ (j-0 ij^SLo 3 1 03^ "-^3 31 

single i^LIaJl ^^^-^3 03 ^ o-® l>^^3 3 I 4jjj!.i 

j 2 b i^LLaJ! J^3 jl^ 1^1 -double stranded (jlioJ! ^3:13-0 3I stranded 
4x0^jj 3I 4 ik«J tsb sense strand >oj-t( ijllaJ! 3^ UjJ! 03 S 0 

( 31 ^ (J 1 ^. 3 ^ 6 'jJO antisense strand >o>t( j^ 3 ' 

.(CjLu33jdl JloI d_,(j?- 3 lJ j-Oj -0 

4 sLo^b OL^jJ^l ^3-o jSSi 3I -Xi?-l3 4-(_*y3jLaJl OU-(-*u^l J^ISZJ (^3li?u 
‘-^bb 1 ^ 3 -uj (^3l£?c3 ^ Lo 3 -o-ft 5^3:>3_L1 OLLxpJI 31 

3 ft 

C-JLil-ty! -jjlSllI! 3 c>® ljbji 33 J i(^Q ^*Io7 44>) ^ 

£CjLy 3 j'-flJJ 6 .iLai! j\sLa5dJ i3!jjbl5 4-oL?Jl OL^ji^l c>jj2i 

>^^*.***j i^jJl ((HIV) 4_>4 £-LlL! j^Q ) l>*' 33^ CjU’ji^! JJto 

.d.I*A*-a3 J^-Ijj OL^jj] 4 j^ ( 3 -C^ i^-LLt! ( 3 *' 33 ^S (^ 3 l£?!j -jJj^l 

31 bjJl (reverse transcriptase 4-(^«iszJl i;^.*u:LLLl d-0^13 (LbOii^I 
iftLUsl l>*’33^ 4.(j1j 3J1 CjLo3JL5dsl bj 3 j-«b ^ 3.50 IJoJs Jlszj .bjJl 

^ ^ ^ ^ ^ . 3 .. 

b^ ^ 33 -*^ 3 ^t-(w3j d.«a-(JiaJl 3 bj Sj 3 -^ 3 Oj-^ ^ 

Liul j-vi-Jl iff-LUil l>*’33^ d>n*o^ .(^3JLSzJb ajLail 

•if-Litl jiiij ij*’3j;3 (^j -^1 3-^3 (protease 3l^3jd! ( 3 -^ 

jLj3jJI 4^^-aQ) 134^13 ‘J:i3b> 4^13 iju3jj ^b^l 31 

4_>34iS^! Jalij •(_>*' 3 j^AJJ 4jlilil! d_> 

i_>*’3j^ jb33jj 3I 4 ^(u 5 bzJI d 3 t*«JLLtl J^LtJ 3 b>b^ CCLuI 

.4j^1 ai^LLl 


31 CjL.3j 3J1 3-*^ 3-^ (51^1 j-o b^ bz.A,.(-u> I ^^>^3 (3*^'^ 
djLtcdl 4i?-3l 3“^ (families JbLas 31 IQ * * *^">3 CjL(t3j311 4 ,<_xi_ 
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jjLE>Jl Os^l (3 .5j.:?EutJl ^Jl d.x.twjJL) d^oojij^l d^L (^jJ 2>3 cOLo^-ut^^j 

OLu» 3 J^^l JajjJ jis ^ 

SL£?JL Ja-oj 3 ^-Q d-Js- Lo (J| oLu»3J^iJl L^ OjLo duJiSJ] jj 

CjLut^jr^l U-fi>l-X£>-| (^j 3 cjJLoJl CaS^JI tj dUjJ jbjjiai dlLliJs -Ij^ 

Lol J3^ii L^j cSLi^J! ^jb tj Oj^laJ 

CjLl^» 3I cSj^Ialo L^L?J ^(3^ OLu^jr^! ctiJJS ^j?v^I 3 

cL^LiisI dj^^Ia-J! J3QJ .(JliUll tjb^! £<<d_£LJLk) 

d_o.^Q_Q_i d_Q.Lg-^ C*i?E-(-oI ^3-1^ ^3^ djjL^I! cCjLLij^! j 2 a 5 ZJ jl 

.i3ji?-I L)Mi»- twiLi^ i^JS' jjlS^l i^JS' Oj^Ib cLilS^I dia_«A.l^ Cj-E>=-i-ol3 


Ob53^^l jub 
The Impact of Microbes 

j-o (^lovll d_olp^l SJoJlsJI i)j3ialll L^lj-oL^3 C)b3jiJsl 
£^lj3JI i3 i)j3ialll Olj-iill C^Q-tip- jJLI £jlS^^l3 J^3-^l g-o SLpJI 

.^133)1 3Jj-b L3I-0 d_cpJl OLbl^l L^1 j_£uIS 1 (^^1 d_djj| ijJ3 £j^^l3 
^LuaJ C)b3j5^b CjL^jjJl ijljS JU-il>i iJI J-^ 

j-0 lJiApj L^lia_*iJl JljJ^3 -Lajl Ll*S 35 J3!aJ ^iJa52-o3 L^Ilu3 OLjjjJI J3!aj 

.dj bbbJLpJl (^^1 jl 

Cjb35bo .^3,00^1 bbjub jitjbU i33i^t Jlszj 

Jisb^Ej US £Cjb3jS^! dU^o )l ^y£■ lS 3^^ L>^ jS^I s-3^1 

j\i>3jrC^!3 j\i?E-taS^! JS ^bj| ^y£■ il33-**o0 Cjb3j5s^! -jr^ ^lp- Jj 
jSSI dJ33-£Uj3 Cjb3jSs^! ^ 0-03 -*^^3^^ ^33Ip!J ^jJJLI! 

d vwU 1 cObLiIl -d-fcS tji-<-sS i^jJl i 33^1 ^3-o ^Ltl tj 99 3 -® 

i)ljJiJl (J31?- Lp-3J3-<^1 ^&JLp CjLutlj^ (jSJ £,ju?E.*uS91 (j-o iljbji CjL-oS £(Jb?Jl 
b3\lSLJl Cjjj»clp-1 J3 ^i SUi J.52J1J jl ^ I^jI CclJI 

J3U7U L^lSLw ^3 cbMpJl j^-l^ Juu^ iJb3Jp SjCS L3) CJaAlp'l3 
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OjrULUJJ QJJgjiloJI 


cLlJL) clj-vhikl! Cj!Ju^^! ^5^ .chloroplasts^*^s.!j^^ii?J! CjIJu^^! 

L^Ij L^cILo lS 5^^ tj cCjIjLiU 

.(ji*j^l d.<_utLyI j'j.Issj c^liaJJ 5ji?cl£?EXl3 c^-«aJL) d.^i?-^_lsl d.JLo^l 

Ob^jSLisl J^ ^3-o L)ij jv^^jrujJl ^tlLi ij*S^ 

OLLc-C- 3I Oli^lpua ^1 ^3-0 Sj^Ltoo (J3i ^3-0 tOb^jSLJsl .dut-cssijl 

QJi j\:^3jrujJl jLft J5^ 

JlSLui^I (Jl ^ 0^3 (NH3 ) Lj^I (JI jljJsJLufb J^£?0 

«^^_wjb d_t_La^ .L^bbjJI 1 ^ I?'. i'^T ..1 \ 

^b?Lo js- dAlip:^! iuLco-tSLIl dJlSLwl j^ 

ijiOrJI i(NOp Cuju Jj tll^l l^wra.'gj J^co lOb^jSbjsJJ b 

6jja CiIjuJl ijh.'g.Jl Lol i(NOp Cilju jJI 

biiJj?-^ Cjb^jSbJsl Oj 15 tdj_«j ^Lo ^50 J^ -(^ 2 ) diSbi (Jj 

l3^L^I ^ 3-o ^j3tl«xisl 3r^3jr^-^l o-® ij-ol^'gJI djj_Lp3tl ^3-^' 

» 

0^3 j«vb ibLo^ Cm3 CcJLtl 0^3-^^^ (J^-^-?'l ^Ul ij 10 ^s>6 

tiwJb?JaJl3 CibLlJJ (CjIjuJI^ Li^-oSll) C*IitI 3r^3j^^^ Cib^jSb-tl jS^ ^ 

.ObjL^l DJjii ^3-o cbjJl^ dUi ^ L^ Ob^SUsl ^3-o 

(^3J__pi-55JI jj-^I ^ ^ jb*b^I J^Ja 

OAJb ^3-^bjgJI^ bjAA^ixJ) (;^^aJ) l^LijIAj 

CjLA:^ J-ojpiJ C.*-L*u-Lu' (^^aJI CjLjIjo ^3-® '^U>I ;3 15 ^£?J U-*3 (3^1) 

6jrC3 AAa ij^^^jrujJl L-)b^^^^^_tXI i—tllitrO^CIiaSC jljLt^^jruJI 

i^’AiJl isotopic preference jjliaJb J^^AAiIl CjJ! Jj^ ^ 5^ 

ft • * *4 * * 

SjuuaS^^I c^Lcw ^LcLo 3«2 \'^ ^ ^1 

. 1 a 3^ Ob^jS^I C)j^ [xiJJs- (Great Oxidation Event juSdl 

^_dIo7) ibiul ijujaLp jrb^ C^*-CLd 

OLfl-wj^AJl 3^ 3)-o bjjj> 50 ^jJb - asliaJl aIjUSi ObjaS” 

.[^w^jfv-ti] .j^.*a3tJi d.l.i_'> (^) 


47 










rUj^AII 

djl jLc- JL0I3 ^\Sj^ C-i-t-Jiil ATP 

(J.5ZJ2J cd-JLo-ssJl 4-L-oJij^l ^jJ^l 3-^13 £jLLtj?-3jru-Jl Jn.!*!) 

ij\i?<L*4*5”SU |jj^3jrujJl dj_*£)LMAi> ^jl (jih-^-^l I (jijjslJl 

‘ifijL>3 dlLjii ^yJi (JL> ^Lc- 13 33-^ *^13 ci^j^l dJ^^I ^J*^5ls^3 

SLpJLI (jlS* ij\i>3jru-Jl ^3-o IjJlwxo ol Jo y 6 Jl^ 

CjJle?o ^ 3LL£I>3 j?UiJLJ <ij»iLs2JI J\^ jOjLaiJI tw^*-**u .L^LtJ JJLo 

JS U?-JL*£iI 3 -isLIaJLl j\S3 jJuia-0 ^133 JJLp iju>3jfC^I 
5»iJLS£l-o OLLa]a3ijo (^3jJI CjLoIjo Cjj3l3 cS*^JL.*i*_tsl *^3-^! (J^3 

L^ia-tuoL) jJia-ou .<iP3-Lltsl CjLIxxJI 
^3^ 5j^3 ^ 11= LbJL^I <w^«*iSo cClostridium idJail 

j 3-T ^33 gJ-«aj .|3u?t*uSMJ ^LJl JJi CjIjJl^ 3 JjS 31 jruxco 

(j-0 iULi-Jl ioLkll 41^ cAzotobactcr 4^33^! 3^^ ^ya 

^Jxt_inII £(il3^l >^3^3 t3 3-''^ 1^:3^ ■0^33'ti^^ 

3)-o LJL?- J-s£i^ 5 Jl)Jl^ ^3^ 4JLcdl ^^IjJsl t3 4sliaJt JUJ3IJ tjl3^l 
4_Ax52Jsl ^y> Lj\lSbJI 6 Jl^ dUi ■ Cj'-?"33'ti^^ ^jy-flSo L^ 

. (iw> I & I 

(331-523 ^3j-vi-oS ,jry?'33^-‘-^ tj^3^3^^ Cj-i-dlll OLJLo^ ^&Ja.s2^ CjJlco 
4 .Aqj>JLo 41*^13 isLlaJl jJ.*^xo OLlIl O-o?- £OL3LjJl3 bjUSLJl ^ 

4il«yi (j-03 .j\:^3jru-LU bjU^^l (J-oo233 

cbAe-I 3P '^3^3-^^ dJJS 3 j 4) I 3-Ala ^Ji^Jb2lll IJl^ 4333lisl 

c^jU! - CJIJ3AJ! ju3 cL^Lo Rhizobium 6jai?JL*«_t( 

oj^I 35^ Ol3.«u.iLfl.n Cj!S bbjLjsjl 2^ LJ3 -oLqJ!3 

.dJLuJs 3ij>33C^! Cj-Ji3 ^ 1-3*^ £4 j3U! (3 4jjo>o j31S1a 33 3^ bj\iSbJ! 

ioL_a-i^l CjbSL^l 134^13 £jl3i^l 3 ij3^ CjLj dJJS 2-^3 

«* > 

J.^ LoJJ^ .OLlIl j3JLJf 3^^ i^-L-wJl bjUSbJl CiJJb 3t^ £jlj-cJLu»b 

£jJl:?eJJ 4JL?J1 5 ^jA-o Cj^UaluAt^l 3Jo?-b Ja-OjJ jJ^^l (J| 5^jA-La bj^lSo 

.root hairs 4 jj _) 1 j\52_tlJ 1 ^^^^-0-wxJ ^3 
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OjrULUJJ QJJgjiloJI 



• ^ 

OlJliJifr eVjlJI OLJ :(6) J^JJI 


cOLs ^jJ^So ^ 3 Jji 3 ( 3 ^ bjUSLJb dU 3 >Xssj OLlI! 


o 


b3b^ 0^3 4jjJe^l 5 j\ 52^! L^3b^ ^ 3 ^ i3i^ tinfection thread 

» * * » 

GJu-O^dl CjLjJI JSLtj tiJLiji) .bi)filj3 iLolSJl jJe^l 

ilSLioo t^IS oj (jd bjruSL^ ^ISJl Cibl^! CjL^I ^ 5 j cToot nodule 


ioob j\£^ b3U^ 3:!^-^ ijjUSbJI b3Udl t^Lia-t)! tj 

■i3'^3j^'‘-^ ^tUuQ 03^1 C)bjl^*A-g.ll 0 Jai> .bacteroids C>Ljlj^*A-g.ll (__ya-*«j 
, 1 aQQ jJLflJb bjeiSbJJ CjLjJI ^5 jJI t-dlaTl 

3LLi^^ j\-iJlJI ^&j3j| L^ tj**-d (3^-^3 ^^ d_^9lS^ 43Lla 


^bj| ^3Jj-b> t3^ ^3-<3 jJ! 05^ CjLjJI JasLco .1^1 d..L.t«jJb i5j3jCJI 

3^E>c.*a53ll ^5'^l '-^ tji ^^cAj £3\j»t;u«S3U J^Lp- o^3j-j 


5J&3 .leghemoglobin ^I tjl-^l cry3j>^l ti 

JlSCil cCjU^JLJ! tjjLp ^ "■ * djjj^l CjIjuJLsJI ^5JJ .^jJlS j-o-c^l 

bs-L-o^ ^5^IpcJ I4ISJ cCjLJ^iLJI 1^3 ^_Q hpu 53 ->-ojo CjL-OjJ^ 

.j-<s-J>l 3 ljLa( ijjJj^l CjlJuJbJ! ijS ^lta 1 L^jip>ta( JuP .jo^Jp^-c-ts-JJI 
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rUjJAll 


cJ.52JiJb OJlco ,h *) 


jl O5-U! ^^5^3 


.CjU^JLJ! ^jJO J^LL) i)JuIilJ3 di^_a( 

jt j-o jl 5 j^3>-*-*-Il ^Jx• Sl^jJl CjLjIjlJ ibL^I SjAiJl j| 


cSl^l ibljo (^1 L) >A.C.>JLm 4J 

l3 jrU-*-II jL^ (^Lai^l ^J3-tsl ci^llszJI 3I L)j\I$_Jl cl^_ai 

jAj^3jrujJl j-o JMi»- 4-c^Jsl C>jji> 

Jio .anammox ((_^5;3L)I) 1^3-okl 3! denitrification 

lj\lJ.-0:S2Jl bJS |3 -OLxpJl d.*_a)Lai^l CjLLoJSzJI ^j-0 (jljlj2i JlSZJ t j^3jrU-*J 1 CxxxaJ 

{.J^ ^53 -LII CjLjIjo jo^^j L^ J-«a£?!j iijjJaJJ b^jlj L^b jL^ 

.0.*i41 j\i^3jrujJI j-o j-o (bowaj^l ^UaJl 

djLtjlyXj L_t-Mij i^yX^dl aAaJ 

* ^ ft 

^J-) (N^O^) LjIj'uJl (33"^^ d_*3 ^JjTlLuaJ Jl^_ail ^3-0 1 

J3ja£?JI ^ 0-03 £i)3-«a5Jl ibljL^l j^LLsJI 3jutu5^ (O2) jLft j-0 

JlI£' 3 icUsl 3^ (ji^l 03^ ^IJkiCLuil JlI^ .io«aj^l ^IJaJI 

LjljruJl ^j-o ^3-dl IjJ^ ^ 3^ Ljljr\.dl 

Ju-ma 513 C-ojUJl .jAj^3jlclJl jLft S^JLSzltl OMftLaill Lr^jJo 


3j 2>3 £«iiLpt-iiIl 3Lft» ^i-aib l33jjUs 1 - nitrous oxide 33 jv.jJ 1 
0A3J (jLlfa.t4.t3L0 (jL?ijb Uj^ - (jL_ai^l cLbl J.^ ^j-o ^LoIjlccLaiI ^-*-^ 03^1 

<ll* 3 jJl Oljli- Ss>'\ 3 j 5>3 033 ^^^ Jw-uol j^a 5 ZJ d_cLojdl i3 Coz.Jj .d-cLo-sdl 
^bzJI i3 ‘idoj?.!! ojji> ^_Q <u 7 S^l J_o«aaij j^3>-^l lK)'^ .^>3^1 

C*^^3:) .(^3 Ulysse Gayon jbc^b 1882 

^jj aJLjjis CiLoiljjJl .G. Dupetit 

j3£jljJjl (^^1 CjIjtvAII ^sJisz-o C-ol5 :SA-o_ai^l j1Aj 2>| dj^ j\i^3yAlIl 

dJa^l3) 33yAlIl Ax.fcu5l JLp j-o J-Js j\i^3yAlIl JLp ^J| J3£?tlj iijdl (J| 
d_w_Lft^l i3 3^3^^3413 cbjA^-Jl ULft £j^^33u-dl SjiliJI SI31II CjLjIaj 

jj'j^ 3 jruAll d_J.o^ i3 ^5.XptlIl ^LlLo (jl ^J| J- 03 J .iijrdl ^ 13^1 tj-o (^j-oJisdl 
Ob3j^_d,l .iijrvJJ SAxi^ ^3^ JiLipJI :(^j3So Lc ,!o£n*^ (bcftljjJl 
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OjruLuJJ QjjgjiioJI uLorill 


tLjljruJl^ (jt ^ 

cOl^^l ^Ij^ctLoil AlC- CjApij U-o j^t ^Lb j-ujAII ^lAitLoib 

.LLomoQj ^AitLculI j^j^3jfujJl ^jj Sj^LiUI Oj^Jaj 


.JLszB jju^3jujJl ^jj iijfUl i>5^ dUjJ lii 333 

i 3 3^ ^ActL) (^^1 iJlill iJ-ojJI ^_Qm7So ^ 

CiLixsz-tuJlIl i3 -J-J-Q-) j-o JiSL) tiUS Aszj tLj^^ CA-tuS^l ^^1 


Laura van Niftrik jls Ij^J Uji> £l^3J5^3jS^b jUU^ jlS" 


digester tMike S. M. Jetten -j^l t^.Lo3 

L^t lAi>^ i3 Caj 15 Lj^^I jt cLi 

4.<.o-*wli C)ftL> Llji> j -03 ciol^jSj^Ul i»33jJaJI ^Aj 5> JJi i 3 3^ 

U# ^ ^ ft ft ft 

J-053 .(anaerobic ammonia oxidation 1^5^^ Sjl^^I) (_^5xiLjl 

i-o-oL^I i3 1^^^3-o (jlS lS'^JI ((NOp C-*jjuJl (j^jt 3^ <iJ.o.52j| qs- (jl (J| 

i3 3^33^^^ Olji Ojl5 .dflAjl ^3^^5Jsl j\S' bjc;$^l jo^zj g-o ^w*i^ ^J^ Li^ 
.(N2) jAj^3juAjl jLft i3 jjojtij (NH+) C-jJuJl 

SjoJlp (JaiL^I 3-^ ^jJ tj3Sb t^UaJl j-o d_LL«b d_oo5 J.f'LoiIl 
Lj3aMJ i*jl3Ji)^l ClLcuS^^I jt jA^ dUS A5ZJ3 .iiibzJl jr^ bjCiS^l C>jji> j-o 
j^l jt (Jl OljjjJilll j\Ji 3 .dv^^htl J ^>33 C)Lxi5o3 2^13 jUaj (Jf- CjApij 
. 133^^] i*jl3j2i^l SjL.tuS^l ^y£■ ^b oUicpJsl J j^33^-^l 3^ t,-Qj-o 


illjl j-ft j'-?'3>-^l 3^ S^Lftb Ob3j5j-tl ^MJa-ol j3i j-o 

jLft£ (j\^3j'-'-d 1 £>33cLj3^3iJ i»jl3-^^bl (^AruxS^^l 3^ ij''^'3-.r'’‘^ ^ 
J3i?tII.ui Lo jLftj^3 £(33^^! LsMft J ^31^3-1)1 j'j^3jrujJl ^i3l.4w-o Lo 

C)b3j^_Jsl JszS t3:*J-^ j^ '^3^3-l>^ j-® diilidsl Jl5l.<ii^l 

C)lia.cpJsl Jl (^^13 £C)ljruJl (^t £jb3jLU iJjLiiJI XiSJis J| 

ft • ft • 

3Jwj ILfii jt OAQ-CLiw-o (3jb?t-o Jl d_ooj^l d_i«jLJl J3£?iJ3 

^^Js’ i)J3S d_cai Bj3-«aj djjlSLll OAr^tLoi (3j-w-Jl JlJalll (J.ft dt<lo> d.<.Lo.c- 

J ju^ 3 ju_dl JLp jlj3j3 j-o.5zJl j^ (^^J-ojJl JlJalll 

.d_Lwj j 3 j-o 20 33 LCCL) ^ ( 3^1 ^-Q >n\ JljLCLwj^t fjMJl O 33 JI) i 33^1 
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rUjJAll 


Caj15 . Sj^jJ (J3ji-*-ljl i3 

.LLo-p d 5 s:^j-o j\P3 £dJ_cJJ SiJL^3 cSLptJJ SjJLlo iiljljji JLszB^I ^wasI^p 

jju^3jru_lJl CxxxaJ i3 j-u«_£jj j^SjUioo ^.^1 ^j-)j-fci<JzJl (jjii-II ^j-o JjJbl 

Jjl^l i 3 .L^Ij^ctLail C)IjLi1J jSLfi' Jl^_^l (J| i 3 - 

cFritz Haber jjLa> jiJji J5^ Oj-^' 

(N 2 ) (^^ 2 ) Ct'-* Jp-Loill L^ C)J^5o d.<.Lc.p 

(jLlIl iblill Lj^^I iiLsJJ 452 ^j-o CiL^ji 

t(iUt JLi-o^iS' ^3 cCarl Bosch (ji5J JjlS' loj dJi ■(NH3) 

J,^_<iJl ^J^ Lj^^I Jj^i?til b 5 ^ ^3 .LpLlo d-£-Lojgj| 

*** ft ft 

LL)IS^ ^j\xaJ.^O.SzJ Iwa 3^JI dJS ^ 1^1 c^Aa-o)^! ^ Lp^..t_a) 

£ Ltj^^dJ i*j I ^ ^i-uxS^ ^ 1 ^ o''^'3^ 1^ 1 £ Cj 1 LuxJ I ^ 

OMj > d'^^3 ‘(h^z) 0^3-/^^^ .Mji>juo Lj>^^j 5 o 3 LuxLp 

v_hlo£> dJJJj £4 jLrJJ j-Olttoa ^wxSj^ 3 ^ £dj CiljjJl -i^jJ 

Cxxpij jojjJl t3Jj-C .jA2^3jrCjJJ aixiJsl Sl^jJl CjLjIJo j-0 ^LJaJI j-o Ijr^ 

j-0 JoJlsJI CjjCLpI bjLpiJ Lj^^l jj^S^ g-0 Jx-Loill 

Jl 52 J ^ Lo Jj?- Jj ^ (jl 5 cj^l ^^Js- 

•• ^ 

Sjlj >13 jLi£>-MI SjLoi^Jl j -0 C*-'g-<Ac>-i .O^lSLAil j-o ^3 

jju^ 3 jJlx^I j| C-*.xpij j -0 ii^IiaJsl CjL^j^ 05 ^ .ilLssS 

^wxxxmj^ U -0 Cj^pLcJsI i3 g-® Jp-LqIj j-cu4altl 

.SjjJdJI djLJaJI i> 3 ^j-o Sj5j^ Odplijo j^ 3 J J 5 ^ .OljU^Lajl 

J5 ^_Qj -0 'wJjiL) Lo f^ 3 -*-Il .jLiCLj^l 2^133 ij^ 3 J ">jL(is d_J.^ job j| 

6 -■* * 6 
J- 0^1 (3 Cxx!) J3 £lj^L4x:^l 3 ^3^3-ljl l3 ^ 0^3-/^ 

JLP-I 3 ^£?ij CjJ3 L^Iij LLo JLP-I 3 J5 ixxjj^ ^l^jL) -(j^ 3 J ">jbb d_J.^ 

joszj ipljjJl 3 Li>j6lj IjJaj •j^3J "j-jbi) 4.£.Lojgj djj3 3-0 4 jLL 1 3 v-Q<£o‘>3 

ft ft ^ 

(Ji *^^3^1 ^*^3^ i3 ^Ijr^l ^5^1 ULxP-l (j^3-) "j-jbl> dd-oP- 

J-*-oL?tLl joxo?cil «iLoL*JI SjiiL^l (^_35>3 £ftlj->a 3 Jl Bj^ill jxiLxil L^)^ ^Ld^L 
^U 1 (Joj-o^l (^IjjJl £Norman Borlaug ^3^33^ jLoj5J Lci^ls ;^1 
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, £ 
Oj^ulllU QJJgjiioJI 


clOil 1970 ^LsJl i3 J-«a£?- 

(JI^_mJ 1 3 -o-*J 1 <1*5^13^ o® i3 OiSbi^ jj^b ^-o-qJI Sibj (J| 

il^i (J| ^-oJlU o® cljO^l ^J5^1 oJ^i> c^ili-03 .JoljuXl 


9 Lo 0^1 i3 .L^l^-ui ^LszJa^ Lo O^l OJlpO^ cdj SjJL«a-o 

1943 ^LsJl (33 i^tooUsl iszJj^l j^j^l i3 L^^^l jjilPtAU 33*^ ij"'-*-**’ 

clj-ioi-Jl ij^ill 0^203 . JIAlJI ic-Lpco cLjI 3 ( 3 ^-cLo 3-® i 33 ^ ^^^3 

j^-J-o 11 AI3II Oij^i-wjl 1966 ^LszJl i3 .ijjSliXl j^Ltl J39I i^Js^ 1^3^ 

.L3L0 3-b 03-3-0 200 (j-o j^l AI3II ^OIB f^3-31 Lol .iw)^.;j?Jl (j-o 3-b 

OLLoI ^jSJ .(Jxl dii- ObLlIl i9.JLail 3 I :Lj1j 3 j^3-b3J 0^ 

joj-0 ^Ijkiti^l ijils OolS li| 9| JiS^l iLp 0 ^ 9 iL^u^^ttl ^3-b3J 

-jjLfii ^L-LojszJ iijL^Il Jkjl^jzJl O® ^1 La> 93^ ^ OLooS (^jJ2i3 tij'-i?'3jrOJl 3-® 

Oils -^jii-Il ^-oJlJl jJ3iiJ 0^ ^5^3^ dxi-aiLpJl d_0:^l 01 jIS3j 91 jo j-o -o^^J 

OLlo 9J iLoLpJl dLoill ij*' 33 jJl i)j 3 jO ^> 3^13 Sjui^oJl djUL-ui 


^t-o-oJl J^JLp- 3 JlJ LLo josOl (J| d_cOJL) .d_Lo5 OL*^*^ 0 -Ojj£) |^^1 SJoJl:^! 
(3 LfisLjlj (^j^l ip-^-coLb Sj3-Lai SlSLpws L^jIS ^^jJlpJI 

. ^jo.^ 1 (j -0 j*S 1 b J3 1 ^ I 3 ^ 1 -^ 1 -*-^ 


L)jo$-31) OL) 3 J^_^^l J-szJiJ Lo jJJL) ju^ 3 jrv.oJl j -0 ^3-31 j-'^l 



4j^-tii£>- i3 L^l^-ai|3 j^3-> "j-jL^^ dO-o-fr 03O^ .dO-ojzJl i3j5> 3 03 -^ 3 -t-^^^ 0^3 


cIjOpJI ij3iil (J| jav. 31 1_utuJj .d-cc-Lo-j^ ic-Lpto Oj^psL**! Lo j^j^ £J-*-oLp3.1 

.dOo ^jl5 3 Liol O-o-^l tjoiOj jL3-o J-»£aj Lo iLiij| 3 J-^ioJl 
£ jU52-cO^ Jo9jI i3J3 O^-J-J^S (^^^3 d_3p-Lal d Q lo IO dl3jl dololLl 

iJoljJl OLJl^I 3-^Jalj .iiL_4u^l 2^-33^ 3 Jsl ^*■‘ ^1 '3-*^^ 2^-3 

j -0 (oLq_wj^ 3J1 iiiJ353 j« 3 -) "j-jLfli d_3-ox- j-o jvi^3ju_31 i^Js^ i)^i£?3)l Sjuo_wj91) 


^cdpJl 3 L^jip 3^^3 XI 3 ^j^3 £X5^3 Si 1 i-oj^Jl 3 

il^l 3 ^LpXaJl ^ iJoljJl OblsUsl jjszj .eutrophication ^"^^OjjCiIl J1 


.i 5 j 3'I Ob^-<ac oLt-j?" jc Ob^-iisJI JsijAa ^ ^ OjjtwI (^) 
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cUj^AII 

^1^3 ^ (J1 phytoplankton olsb ij^5^3 cd^LJl 

tf} 

i^ySi -^hXl ^Ij^ctLoib ijLlII OL^j^-Uil J_Lpij .i^UaJsl 

b)l I ^^ ^ SjjsjjLmoo ^Loo ^I chypoxia 

i^JS- JuoJisZJ d_cpJI 01^15313 

^ 3^3 (Raoul Adamchak dfLiookl J33IJ Jls cd^L^ j-o 

03^^ ^j-o» :^jJJuoJjz-Ll Ljj3i-JlS «ic52jaj?J i^LuJI jj**_*jjJl3 Ljj3AJlS JU-wj 

Li^^t pLszJp^ J_ooLpJs 1 d^ljjJ 3juo_ai^l 

^3-o '^3^^ Llj^ l3-)3^~*~^ ^3^^ ^ ^3-o 13-*^-'^-*-^ 

.«4£'ljjJl ^^3 ‘j^l3 £^>^-^1 3^ ‘bliliiLX3 L53S 035!) jl 

ipIjjJI >^3^ 0^3"! "J-J^ d_t_LA£- ^j-o j\:^3jfujJI ^IApsIuiI ^ 

Vandana li^Ju UIjJIs jU j-03 -j*'!-**'^! IJ^iis 03y^ £^3-«a5Jl 

iojUs-o iiiJj53 £S_P^3 i>)jL:> iuopiJif OlS £^3.1052]) ic-ljjU Sj^Loo (_yi>3 (Shiva 
j\£-jlytl 6I33 iJ33-t«-o clj^apJl 633111 J-(xpJ ((GMOs) l-dlj3 '^IdLssXI CjUjISLU ^133 
The Violence of the Green «siIj<ipJl 633111 uqi&» j ^3 -631^) 
^hjJl iooiiU ia.1^ j£%Il CJl5 £;^UI Lb^I CjLj^ Revolution 

.LoLc J-bb ^3 3-6>3 £«ij^MfiJl 6Ls^^l3 dX-hjU j^Lui^l dj3^ Jx- Jlo 152J 

f . ^ . ** ^ . . .^ 

bil)63Aj JlsuIuiI .bilaxP jlS^ 6b:^ tltAbbJl l^I^Sbp jub j5J 

33^1 ^6 1 ^ be £bjl33 dJjkS-bl J_cob?d,l ^1 JlcCL*i 1 Jl^l ^3-0 

63LIIJ3 bo! .dicLo d_Lpui3 Jbl3S 1^3 OlioolifciJb d_cLft il^Lof 3Jb3 (golden rice 

^bdl j iwJaJl 3I l^3J3^(.**^l j JJ3J Spb^ yjliJI (Richard J. Roberts ^7033 

ju)ll(3 3-0IJI ^3^1^ 3I ^3jbo J3 JboJp^l juMo j! (JI juk*3 (1993 

j«bjl^ 3Ji>3 .1^6 j**5bu j! ^35us-bl i3-o ^lAptlt*il j!3 £^&^bdp ^ (!) 

•iuLwj^! Juib ^3^ ^^3^ LJjlQj «lo!jLp5luf9 i«b3bdj! 3!j-oJLuf! j! 

oi^ £3 a^ 33'-*-^^ ^33^—*-*-*1^1 0^3^ fr^-CLwj! ^5-^3 

jAj^33UJ! Jj3P!j bi!3^^ ij^-^ ^ iiIJjJ3 .C)b3^^SLJ5! ^^3:!^ 63 jJl:^ 

.i3*(S3^b^!3 ij\i^33l3J! ju g-oj^! JMp- j-o dJSlli (J| Chilis! 

❖ ❖❖❖ 
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, £ 

Oj^ulllU QJjgjiioJI uLorill 

JLio i 3 CjU^I^w-o ^^Js- dJasL^Jsl Jlszj 

^I ( 33 ^^ 0 ^ 0 ^^ 0 ^ L_«i^_^ Ms .1 Iji^LoJL&I 

^.juLui}] L_Lpl^-a)^ L.iX'^ 

0 ^ .itJ^j^_t-tl d.lxJL) J^l ^LftJLibl ;JkX-oL) 

jbjMl dJasLpiJjl i 3 L*.'g-*-J::? oL^^^SJsl d.-o_uiLpJl ^J^ 

d.52-yj^3 SJoJlP- jJiUiO J^l Ju_iLtuj (jl .SLptU tlPsJLo (j^S^ 

d-cLwaJl OblAlIlj u9j-,<aJl ^Lo - Lljblij jjaJ36llJ3 S^JLptltl 4sUaJJ 

E. O. . 3 I .^ 5 ^ Jls LsS^ .ioLwJl jjJLSslIl C)bll :^3 dMoQlIl Obl^-fcwjMl^ 

^js■ Jl^ laJJs- cbj^ ^ cUic jl5 Uj (Wilson 

I Ji^ ^Lmi-iJ^I ^1 b&^bjTcJ JS 

i. ^ 

ISl L^ 52^Lai (^^1 - ^^jJ dl-iiaisl (il_b jo j -0 .d_J^ JLol j -0 d_c44jJb 
d,AxJI I ~ jMI 

.«Ll*5^ i 3 Lbl^l bisjub £di*sjJl d_cpJl oLbl^l 

jjbjMI ^iJbls )^Js- -JjLa£>tJI i3 Ob^jSbJsl duujjLe i^jJI j^jJI J| ^LoMb 
i)L^ ^3 iJ.<-a.i«*oci ^3 jjb j3^ Ob^jSLua-U J3 £(__^.i5L«JJ 

jjblj-oMI jj3 JLa^Xaib Cjl^LaX! C)A£-3 iolil! ii_tbJ! tw)y?tJ! 

jltl 1967 ^bJI t| .J-*JI (Jl bubonic plague (JjjJI 05 pLlaJ! j-o (^jroSbJI 
ocAiiLo J-^-^ (William Stewart Cjj\^^ 

.ijjLsJa! (jiljjaMI twibS JMf-M CaS^J! jL> Jl 5J» :JJLaij (SjopclL! ObM^JJ ^bJ! 
Jiis Jai^tJI .«5jij?t:itl ObM^JI J i53-J^I (^La(I JSbitj U**n9 jiiJ 

JoJlsJI (jo?tJI dUS JlLq .JjIjJuo JSLttj Llb)li^ jlS dcoj-v^j jl 

(jj|j-oMI jjQ JoJoslI d.^^_tu_t! Juol^sJI CjjLo^ (OJoJki^l i)jC5bJI CjbLoMI j^ 
Ca^^o-oI Ol^Lai! 63ji> j-Q jbS^ (dj^jj?tJI Ol^LiaJJ ^^LLo d-cJLcJ! 

LoJJ^ (jjj^ixsJ! jj^l CjLjLosjjI J .(^^IJlssJ! Jiassj djjLcJj djJj^ jMI 
d.4_*ji)JJI dj^^-S-LssJ! Olj^Sj}! C-olS (Sj-0 J 3 I «5jj?csj3! jLis 2 JI» jd. )l >133 
j^ M 3 Jlssj M U J^bJI (Staphylococcus aureus 
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rUjJAll 


.cl^jJI IJuli bjUSLJI ^IcptSlSbo J-^-wJI 61^3 

j 5 juI .J-issj 03^^ II ^ljLixLa)l i3 cL-b^l^ cLt^l 

> 

d^JiMj 5j^L^ Ju^ 1945 ^LssJ! (3 AU-t»L I! ‘^-^lj-^1 dJ-Oi?- C-*Ja£-l tj3-l-jl 

6 j\s^\ jl Jloissj jlS” .USS Cowpens (CVL25 ) ^^wJLj^IS' d^jjaSlI 
CJlS^ tgonorrhea j^-^L I>^1 Uj >=^l tj *^4.5^ (ir^ 

Cj^^Lu jl .5^-0^ jLo) 3 CjT^^ ^J 3 j^ dJ^£>tJI 

icufcjJI olj^SLtl o^l .icufcjJI ^^^Q.ijgjI olj^SLt! (j-o io^LLo 

^ * ft ^ ft ^ 

d_t*oUjJI L-)L-a(^l Jl 5»-1 oL^L^tJLwJj! 3 cMRSA^l ■t-itiU-iJLt-iQ. Jj 

3 33lj^l ^_Q3-® L)^ cSli^lI 

io^liUj! bjuSbJI 33!^^ dj?i3l5Lt OjSjLuo^ SjoJj^ t3j^ o-^ 6^1 C-cc»tJ! \Sj^ 

■J-o^l C-cs2^ ^jjill ^liJ! ijossj tilbji) Ol^LioJLl 

*. ^ 

Kim Lewis ^ 2015 pbzJl 3 ^jJl ^LijS'91 dJh 3-03 
jjj^ 35^ Northeaster University jjLujj ^05) 3 

" '* j 

jlS" :93l -iwiL^I 6 Jl5zJ j^91 jlS" .teixobactin ^^^b3.*u5^ ^1 d^ 3iLl 
tiijjJi) j^ii?-LJl j-^t ;bjlj .MRSA _I1 Juki ^b^s jc6^b^.tu5Ljjl 

C)liLa.oJJ d^^slUjl Cib^jiLil 3-® 3 jIj jJJ UjLu J-iLtuj ,4 Jjbb jJuka-o 3 -® 

3 ijjiJl 3 Ob^^^SLJsl 3-® '^Usl 3 99 d^-ljj 9 .i)^.uc>Jl 

tiChip 3l» ^i-tul j3^bJl djlft 3^^ .iiJuJ^iIl 3 j-^ 4 j 

^wuuwJ 3^1 .i)jrLll 3-® d_uLk391 L^Ilu 3 d_k^ iS Ob^jSLJsl 

b^bkJl .J2 lLo ^_Q in\ cUl^ iLb^Jj! 3-® 

^bJ^y fiLt-vJI i)jr01 ObjL^ .d_uLk391 3 l)^^3 3 

.itsz-uJaJl d_t_(i L33jJaJl 6 jjb JJi 3 3^^! )3j5m)l 

Cib^jSL^I^ MRSA jl jjA-tuj| Cjj^ djzjaL^ 3 03i^bJ! gS5^ 

ijiiu (3^1 ij^bzJl ji^ aiijjiaJ! iwJ-utwj 3^b^.*a5bjdJ io^ULo j^iaj 3-^ 

Gram- ^Ij:^! bJ^ISbJ! di-uouo SjJlS i^_5-‘i>3) bJ^ISbJ! L^ 

3'^^3 t>3j^buoJJ oLlo^jU! Jlc>- 1 icuoL^ 3^ 9j-k3 .(positive 

£,juj! c-La^L^I di?tJL^ 5 jqIo 1 d... 1 jl 
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, £ 

Oj^ulllU QJjgjiioJI uLorill 

Uji> 3 ((lipid III 3 lipid II 2 ^ 

d.J-0^ 2 Ju-o.c>cJlJ! LJ^ISLJ1 ijIjJle?- (^^.JLco O liri.^«o3 

j5Sds! ^3 cpeptidoglycan i3^d^ 

cteichoic acid dL^SLcd! ,^^.JL?o 3 j.oaj?5_«*J! ibjCcSLJ! 

ijj3 L^Lojj?- JJLP .^!j^! bjCfcSbJ! tjljJLcd j^^LtoI tj^Sbo 

SZ^ ic-^juo duJj?z}\ (JIjJlE?- L^'g-*<hj ijux^l jO^SUsl 

JsLjj^I J-o-szJ jC^b^-taSbjJ! jl J| IjJaj .(^y?t«bLlI! 

ijja 3j_ais Ciju^ ^ (j^X£»-LJ! jijrCAj ‘lS3-^ lS3-^ 

bjuSbJ! ^J5boJIJ ^I j^io-bJ! gS5^ (was!^ O^Jlo- 03^ 

iJJlAiI! t3 ’^j-^ L^-LaJJ-o)! ljji> .^jC(S^b^-twSLjJJ io^liLo 

^ji)3 Pfizer *1^13^1 853 ^3^ J-i^ 

^4^3 lS-^I (tetracycline ijJS^IycJ! duuJu ijlioj 

^^J^ISbJ! (^Jl^Ls :Lo Jlc>- bic>uci Jj^jJl tjlS .aSj-JiJJ jaa-ojJI ^Lais! 

bJ^ISLJl Oj^ia .^5JLJJilI! (^^iszisb du^\jJ\ ^yA Lo^Lia ^ jbiszJLI 

iJ^a»-jJl djSL^ jUSb-oj! 1 ^jiaj d^jJa ilaLw-u 

C-Aa>c,t-oI jJiB i,jdSb_u)!jrCLl! ^3^3 t3 5-®-^ 0^ 5j3liaJ! bjCiSbJ! ■^■^1 

5Lad! LLo^ 3 bSj^ L^JS .LSjLo ^3jazj0 iJl j^^-d (j^3 (io^LLo 

^3 Ob^jSbJsl df^JLuj 3^-*d! jl JU-ia>-! ^!j Ob^jSbJsl g-03-03 

.d.-o^ ij3b!! 31 (JJIJlAJ! d.^a>-l3J3 

iAA-A-oj?- j^l OLq 3JL5 s^ Lj>i3y3 (dasjjj ljL| (jb!l 5 LpJI 3ja>Lij CJLca’- JbU 
^_0 S 5^a>:^l Ca.Q .(((5 .L^ dj (jjJij L03 C)b3jSLil Jl d.Aa>JI CjLjISJI i)l^ qS- 
jj^b!l d_J.xi^ Cj-t-AulSl ^-0*^3 (J-oasj (lAadl CiLblSdl bMa>- Cj-oJLssj 

gJJa-«aj3 (^&_4«^iJ3 (3-0-iJ ob3 (ObjL^I ^jjLPcLuib L^ ^-o_(«j (^^1 (SjJLsdjI 
d.Aa>JI CibjlSdl bMa>- JlOJIj .dJiS.xij3 L^La>- J-s£i^ (^^1 4£-3Jjjsl d_cAuLub!l bjsjl3Jib 
.C)b3jSb4)l L^ LjjJl^ L^_(«j1j d^jiaJb dj3.Aadl d\*faI ^L^l ^3-o JuJLsdl 
L^Ls (L^Ji ^3^ CibjL^I i5Jlp-| L^Ia’<LA«jl3 d^pJI OLolSJl bMa- LoJlI£- 

(dUb cLjI J d\AfO^I dsUa d.A_AulSbo c'dj^ls^ C)b3SL) J| [^3^03 L^i^bsj 
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.L^IjlpcLwjI i 3 Ob^^SL-tl L^jS^L)! L^.««_qj ^L-oj^I Cj^IpLoiII i) 


5jiO^ ^JLPtLtuJ CjL^JuJI (J^issj ^Jlssj LoJlI£- 


(jiLGj^ ^^3 ^j^5SLi^l ^ l^l^L^I ^ 1^3 < 1 ^ canoxic metabolism 

CjL^jj^I d_aiii>Ltl d_o«aj^l Cj^IpLoiII ojLtij .Cj^Lo^sU 

ij 3^5^3-tl dlill ObjisLajo Jlssj OL^JuJI oJui> bMj?' L^JlplIaaJ (__^I 

Cj^IpL^I iim,l L^^UaP 13 .C)L) 3 jSm,l 


.l-a-JLpJI liLjS^I jfl-o-p- bj\lSo L^ ^wc^aaJ (__^I iiLLaJJ doltaU L^AAcfij 

^ 3 -® Ob-U-sJI OJuij OLjJuLII dLlj CaJj 3 


.^l 


Is the Tree Complete? 

(jicA-vj ObjjSwJsl Iwa-*5^ J-cLpc1) SLpJI isjjzx III jil 

3>-® J-^b j*oJ dlSJ cJS 3b?b| dj| .bbiLuj>l i 35^3 ‘IcpJI OLljlSLll 


OLo^Jjsz^ 3-'^^3 JjJlssIU JjIs ^ ^txp- 

j^l . 4 jljJ ^pt-iia-03 t^b^ ^s-bzJl ijSJ ijxxslU JjIs j\P jUr^l -SJoJli^ 

iJ 3 L^ 4 ^jJaj l(^vaptS ^ 0-03 £C*i_(ijSl (^^1 OLbl^l i 3 '‘-bz 3 

< 1*3 ^j-b_**i 033 (jL-ui 3)^3 ^bz-A-oj?- L^ (jlSbo dJllfli (jl 5 .iJb?Jl SLpJI 

.kwA-OjUl S^Lp |3 ^;u .^1 joszj ^\j^l 

.(^LlPtJJ ^j^3 j^3-®3 ‘I'-o-LC' *^^^3^^ i3 SLpJI 

.^^IszJl Jb^wa i3 |3-Jal) ^ 1 ^jSJ tjlZio ^ ^Ijrisl 3! (^tj L^b iijJalll Llo ij^j^ 
j 3 l^lj LoAIp ^-o-lJl3 JjJlszIU <ip-^lQ-o j^ialll <l?tailjJI <l*-o-bzJI ObjJalll 

.J-ii 3 t 3 CjLo^Isz-o 


Sjill SLpJI Sjjtlll iJb?Jl <l*lJl JJal**i Jj2i tOJoA:^ C)Lj 15 L3bi*l5l AlP 

^jjb Jiu^* 3-jAlIl J-cPtlwxJjl 3 )-® ^BAjJlp- (jLapI uSbialoi Jjb ?bz.*.AJ> L^bz. xluil 

(^^liszJl) JlJLill L3bi*iS^l JjiiSt LoLp ju^ !iLJ3 ajjj Lo aIo .^bill 
|3 jlLolS ^Ij ^iijO-O (j^So (jt LoUf J.-olPiJjl 3)-® ■b^3-l3-*-31 C-U-Lp 
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OjrULUJJ QJJgjiloJI 


C-cpij 140 j-o JiSt j-o oJlp-I^ i 3 Lfi'j j-o d_Q_(i^Su.4Jsl CjLLcJI 

tLakc Vostoc cLisj^l^ d_tJaiiJl SjLill i 3 4 jJw_Lp- 

.Lake Superior 13 Jw_LpJ 1 ^j-o J_oo 2.2 J-Loil 

SLpJI O Islki . d_>_tu-<0»w J1 ^ ^ 0^ ^^ ^ Loj I ^^toJI ^ Q /A^7 ... i 


US cSLpJb io.S 2 .Hsl <lcP-^^So^l ^j -0 JoJlSzJI L. 9 LiS^I. 4 yjl j\ 52 lj 

jljUvo^l J.0 ^Jj .L^ Obj^^S-Jsl >^5^3 


^1 i^L?- i3 jSl ^ £ia.cpttl i3 Cjb^jS-Jsl (J| 

US .^3^^52-o j\S' Ols^lpta ^ 3^3 ijS' llco d.*a£?t93 cLisl ^j-o d_ooS ^j-o bjJl 

^3jJl3 cLjj^ ^_Q3 £?ij j-oio L^bitlS^l ^J^ JoJliHI ^JjjJoJI 1 jjJi 

.SLpJI i3 Cils^bJb LuS^s?^ 4 ^J■^.uJ 
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2 


opJI uUuLill uli^l 
Relationships among 
Organisms 

j\^ Lt^- 9 ‘i35ll5eJl LSLtjJl !Jl> 

idup^l CjUjISLII j-0 lijLwj 
tbjUSLJl j-0 djiilpttl ^ 153^1 ju JiL^l Jajljrlll 
J5L^1 OlS 4xpJ) oUjI^I ^j-Q (.y^3 

t43<u*iljJ) LJi-cL«alJ) i3j^ OJlpJ ^VinHiW 

Jj ^ jlS^ OUjli-o Cj-Jj 

d_Jj J| OJjij CjJlLIwI .SjoJl:^ i3j^ J:!5^ 

ilpJJ macromolecules Cjbj_):^Jl 

^liJl UlCs .djj^uJI l^jiiajLa5>- j-o ^Ja 

L^ 5Lc>J1 SjJ’u*! jl l^LAiS^I (JI ^jO-LssJl 

tSj-coJoQ (jIiAC-I 
^&-t-*«_aiIl UliIs OLjb^ip-) j3^\ 

UlilSo «L^Li 1 Objjsj dlLa JljjV» 

.CjJJlpJI <.iiA<.lI d^uiL<xi^I «l^lo5b iiL^I '^jUiS 
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cUj^AII 

Taxonomy 

CjULSUI Cclp- JaLpws isLiu ^Jis (LJUlwOlII 

4j.^^LMXiiO L»)llAj) OJjb .L^^Lmj c_jL*-utI ^1 03'^ 0~^ 1 ^‘ ^ ^3 ^ ^ ^^ .^171 

L^jki L)LbLiJ cLJy^l c_Q«IJ lsu .;5j^Ils 2JI oL-oj^I 

3JIS3 (David Arora lj3j! Ju_Qji J.^i*wj jLp -^1 j^issj ;3 0^ ^J3 ^ 

JLaL^l j-o j>bl5>wi ^Ji*-^ <-0 * * <i.o" 

JI3JI3 JlSLwiI^ ^Lptc>-I CjIS Sj^sjo d_ct.*Lp- gji-Q-t Sc^Ia-o dujhjl ^Js- (j3_tw_Lp!j jLsjkaJI 
iaj_t_(li>JI ghoU j-0 jSS^I 3I 6JLP-I3J (JL?- jjJsJo JLiL^l jiasu .tiillpu) 

3I ^ x*w_fij J^-4*J) 3! (J3JJI QJi Ol£-3.^J^ J-iAl) j3-yi (jA'g.«jI 

^ (33 ^^ l)^ ^ 13^"^^ l)^ 03 '^ IwaB^ djLMi_} (^1 

.jlj-<iJL«jb3 ^-^3 {3 (UjLLlp- ;3 ^‘^3?"3-® 

4h /u 11 j\^ Jlp- Jj j-o iilja (^y^3J3jJI ljuI-koiII ^jb (^b?- J^ 

4^((h 1 cdu^l CjUjISUU duuJis^] JLaL^l JIjuIujI g-o (lj3jl Sj3-«3 ^ JLaL^l 

i^Js- cU-w! g-b^3 ‘bi/3 (4 ^LALo d_LpJI CjUjISJI C-J 15 IS] .JLpJI 

OLfij-okOJ cbj ;3 i^3i=d-0 35>sjj ^s^lll IjLli) .4X-3-OJ?dal ^ 

j-0 SJlcLw-o 33 *^ 0-0 CjJlpcJ jSo ^ 4j! i^Js- (Cjljl3.d?Jl3 ObLiU aSLuU^ 
jra5SJ ^3 bi><iLaii»-l3 4 _lpJ) ObjlSdl 33^ J-uJ-uJ uQ ^33-^! Lbft-**' 

^ ft ji ^ ft 

CjULjJ) dUj53 ^jJ) 3I CjIS CjUI^-a^I 

.jlj-iSdl ^tlij liiij 3I 33JisjU 4j?tlUjl 
L^I LajI fijjfc <iJ3^! djLJllI! OLsz-oi.;^ 3J3 JoJlszJ! C-oJI (Loj^ < 43^LaJslj 
4^1 OUjlSd! /^^phylogenetic 3I ^35^1!! JajlyU! j^^SLszj 

x^ciA ^ phylogeny Lj^3Ji^l jSo ^ ctiUS ^-03 .^jLicdl J1 ijljS ^^1 

4.*.^ (3^ ^3 iwiLiJLwalJl c-ljy^ 

(Linnaeus 3^3^ ^1 ^3jjzXl (Carl von Linne 4^ 33^ j^l 

SIJl^I Iw*^ 3J3 iJLP3 ((^uxl^l L^LoiLj cLL) ObbjJl LkaioALXs 

.jl^^^l 3I oLJI (^5^ iO L>“-^ i3 s^g-M J.II 0^1^ (^) 
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qnll uUuLill u^j uUU^I 


31 ^ ikikll Q.uS^ L^jL ^^ 52 ^ ,^13 t^'^'^^pistils ^"^^stamens 

£(***)anthropomorphism i_^lill Ijl^ >*S yhj J729 ^LsJl ^ ^-jS" .CjL^I 
^l^LtuJI cd.oJaf' J5o i^liJl L^j ^1^3 J-o^» 

J.Al£?ij jl q^~G Cxxpij djuJaJJI ^l^jJl j-o JoJlszj £d_L_jJl 

.«jl 3^1 j^l jJ^ 'ilLuSi d_wj3j^ 


4 j 3 ^a?JL jijLiJ! J■^i-t' ^jjalil! 0j^( JLio ^5^1 (w*i?t 52 J Jl 9 LjI (J-P 

* • ft 

gSl^Jl .«3j^ ^-Q^IvoTII tj 1 jj 4 ) ^_Q V03 dj^joLsz-o JlO-I cUdi) 


d_Li*jjj 3 jjISjlI! (Jl ioLiI! 


(j-o^ 3)^ .dj?cudljJl d.j_)jJl ajLftLixsl g-® (JasLuj 3)^ j^jn-ill (3^ cLjLd^-^JLs 
CjLj j|» c^waIS 1^3 .JjuJj ^ dil3 3^ (j^^ J-ssS 3-£b ^3^ JS jL) 


.«[d_-g.j.3rLlI J] ^UxJ! 3 -i 2 s ^3-31 

v_Q<Iv-}7ll iJaJaixdS ‘IaIJ j3lftl Lo 3 ^ cdjjjl l-aaJjJ ckwAxJjrUl Ijjb jl5 

3-0 jjJlszJJ djt^3 taliLp- 3 -® d-Lc-j-o J .d_4u5o2j 3 ^ 

^ 3 ->>b 3 ^ JoJd^ ^33 J34i3 JUjd?-b ^U-AM-U ^iUS djlj3l52-0 d_J_J JJlC- 
(^1 £^ 3 - 0^1 ^ 13)^11143 L) ,^1 primae specie «^jii3Jl ^l 3 jyi» 30 

J3^1i d3Lsi£>l J j5^ dj| .^^1 lji>U-wj 3 3^ i3 OjJii-ail (^^13 dJJl 

3^ J3jb SjoJl^ (jdll^t 


4.£.o.£^'L) d.Q.Lg-iLI 3 Uj C-bU d-j-J CjLoL^.ut| 3^ bLi ^ U-o 


I jii 1 r>- ^ e\ i/^ 1 ' (Lo Lo b-£- 0 ^ 1 ^ 3 ' i 0 ^ £ d_A^^J 1 t- -) L515JI 

£(JjLo Jaio LoJbMSj dJ3l J IwaISo £^MIa-o^! ^333) l^3j3 

3LAb)Il] Homo sapiens ^\ [^3J3iLIl Escherichia coil 


J .Lo?- 3 J 3 ^! Jl d 3 | CjJuL 3 ! i^^J! iwJ-ojfvJI (job o-Jo>- .([JsbzJI 

3 I Lu^-€' (^^(3 cS^^ooaS 4-3-03 CjIjLlso ObL-Jl cLoJLsJl (^^-o-u* £^3 jLaJ1 

LojI d_cLJ (jA£-utI .d_3-CLoj (3333 Jl Cj^I (-^(3 * 1330 - Cbl5 L^I 1 J-3cb 
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.[^jSXI] .OjjijJI jrbjLJI yiiS. (:i«) 
-Oj-fijjJI i3 C* 4 bJI piS- (❖❖) 
.[jW»»jrCtl] .i)jdO j'i C)Lij 15 (JJ iOLOyi OLoAsitl 4-.-0 











(genera (J| ^5JLe'L^aJ twJ-Jjru 3I CjL5z,u<x:?ciI! 

(kingdoms tiUU-o^ classes (Orders dj3 (families JjL^3 

asLoj (j-f^ ilL?- ^3 cJjlp CjLp^-oj^ cr^3 

d_cLJ UwLu i(j**LLc?-I (3 ^ira.((»j I liULsisl ij^ phyla 

^cJLsJ^ ioo-wCdJ ^L-oJ 4 J^I ^L) 3J2>3 (dioLai^ta .ULsJl 

jrv-^ (j| Ju3 (twiLJL«alJ! 

c “* 

Lp^-oI^ LAjj^ i^^JLcdl ^j-0 J-saS 4xld »iLiA£-l jS^ 

^>l£- tj ^3-o 4 IjlSLo dLi Mj (^JLtajiXoJLI 

(tJ^.*.5-cj jr^ jhi3 d_diSd tLJ^ 0^3 

.(^y>^^-*dl jSliiJ L-wjLwjI ^llo^U 05^ d^ J->^ ^o-ls 

d->3jl'i V d^ (^-Uno-L I Ijaii i^Js- Li?-^^-tdl JaxIssJ 

JLP-I3 :<d^dj «^l^dl J-oI» djllS” tj dl^^U d^ 

i^Js- ^Lp JS dt® dJS £^3 :d.sz-(daJI dUJp 

IJu_Ls 2J dJLosdst ^ .«^^dl d^ CjJle?CL) LoJlIp d^-Lssj Lo 

d5^ LlI 9 j. 5 s-o j-o (dJLoLoJl Ol^-Ltdl 

Biological Species g^5dl ^5^A-o 5^ S,3-^ Lolo^CL^ot jSy\ 

^Lo .Ernst Mayr jjL CU^djl ^Lsdl 4-c^j^ ^jJl (Concept 

ULseB l^Lu U-*-9 jjlSdj tjydl d.,>j5L>.Jra.11 Olj.^-<xcdl d^ CjLp^jaj^» L^b 
(i^Joj^sadl UlCj .«(^j3-y) CjLp^jsj^I d-^ LJLwjLj Cdjjdl tjydl^ (LdU-^l 3I 
bjCcSdl 1^1 (d-tpJl CjLjISJI d-® tjj-oJisdl d..t-tlpyb dj dS^ilp d (JLdl d^sz-tdaj 
jilssj J^£?c3 .i^J u(-La.dl ^^^jJLsdsb J-wjLij ^ JLdb^ ‘^3[3^ ^ 
djSd (phylotype (^jjbUdl Ja-o-dl 3-^13 (J->Jo ^.Ura-xxo (jj L.p-3J3^I c-U-Ip 

.J3.*d^ <^L>jsC (Jj c>j3'^ jd-AP-) 

i)ljdJl i^jIp [ 35 o >^3 iwd:^ djLtcdJ IPS3 g-i-o.:?cdl ^llaj di 

tj ibU-o Cj-pcISI dUj .Objiajdl Uwi^^3 (Cjb3j^-Jsl (di 52 j ll a(^qI 
^ (jm,l J-w-u* (^jLp (^13jMJ JjU-o IwcUjJ 3I d^ldlLo ^13^1 Sj3-^ 
(jjl3dl (^jLp LJLp 3 iwdLcdaJl ^J-P Jud-0 3£>ij Jda3dsl l>dji ^3^ dU jS3 .Lsz^ 
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qnll uUuLill u^j uLqU^I 

Jle?- (JI i«a3 lS3j^ Lio-^ C-Oji^l CjLuIjjJ! jl (Jx- 

.4jLsJJ SJulszj 6X£ii CjL_«iI ^j^ 4 j1j^ 1 jl C-oJ J 33 .Lo 


(jLsx) i}SJuuo 
A Problem with Bacteria 

jjjLutI dij^l CjUjISJ! 2^00^ Jlo- (Jl jL^( Ail 
<._Q*I*oVn cUdLe- LoAJLp djL(.Jaj Alt' 4 j^ 5 z-o C-oJI (^jJI 

4^3-0.;^ LbjLipL Aszj Cj-Q-ttASl AS ^) LjaSLJ! J| 

Cj^LisJj! L^Jc^ ^3jaiJ (jSJ cAIjU-o AxiAwaj Ijlill ^j-bj ^^^(3 ciLaiLo 
LjASLJI gA-o-cCL) ^-o-fcu_) i^jJl cJa^i^tLo i33-Aj ^3^ ibL*^ -^^3-^ ^ .(L^-t*cQj 
OAJb i)ljJLIl l]3^ CjL^IxJA_u» 1 Jl Jo^aII (J-P ^LiS cj.Ja-tl (3^3 

.L^Ao U-^3 O I 

Olbsocial J ULi LjASLJ! ^(331 (jiszj -Sjr^ SajLs ^^-exc^JLI (J**J 

‘OSj^JsO L>® 03^^ ij^ jLtcPl L^-oj?i£?- j 3 L?Aj ^ cdjLgJLI 4JLL0 

cijuijioJ! AilLsszJ! AjIs-U ^iJs l-iAP liiLjb .Ljs^LszjI J3bl JJS- ([J. 
tjlS L^j . 43 ^Us! 4 . 3 o( 3-0 Sj-0 OsJ^ ^w?E-oI (J->aJ! 

^L(il ^0^1 bJ 433 j' 52 -tl AUL) Js^I (J-C" ^(3^^ 

•3'^b3^3^ i)^3j Rifle Ji)lj ij ^LbJl 5 jj 1 ^ ^3^ 4 ji,oo^l is^i^l 
4 _* 5 o 4 _JL?- Ji-lAj 5 j^,«aJsl C)b3j^-i_tl fiJjJs 3-0 150 Jli-^l 

3-0 AjAsJI 3-0 j^-^I I^jI 13I ^3^ Ja^^Ao g-bj 

b^S bjlilj! lbg*o ij^jb^ ObAitsb l^lAu 3I O^Lg' .CjLut33yQj! 

jaLaAo! 3^ 5 .ibjJ! JlAlb3 J| 5 .ibj Ji^I 3^3 

Ai^ c^_6*bn 3^ .^ 3 -Ex£?J! ObAii! 

Epulopiscium «^ ^133^11 c>jjb J^\ 

,^13 £(aLo^ i3:ilo (J^ 33.£u.Lt£^ oAg^ o-®) fishelsoni 

(J b3jSL^ 8O3 ^3-b 03 j^-^ 700 ) (J3iaJl (J jrui-JLLo 3C0 J| 3-oAj 3^ 

0^3 i'—J3j^^l ^ 33^-0 JbJb g^ 3 J Lo tjr^b l^A) 3 j 35L^ .(jboll 
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cUj^AII 

surgeon fish (j-o t3 

(3 <<( 33 -**J-‘*‘-^ ^^-i_mxaJ^^- 0 ^ 1 » j-AjLIj i^jJl £ji?-^l .ij^JUjl iul^x*y^l 

i^jJl cThiomargarita namibiensis «i£_^Ul Cuj^l SjJjJw ^ c^>s^\ 
^ 0 -:?!^ tjjLl) jJbJL )3 .L_.<-ooLlJ i^jLiJl i3j^l tj 4-Ja-<j?Eisl C)L^j?Ul tj 

^ 6jj£> ^yA ^&-&j-It i^J^3 0-^1 3 ^^^ LjcSLJl 

(jo Lj^iSoJ! ^>s>z^ ^3lj^ .IjulAa 

.ijr^! ijrU3j5^5 j^jS^ 

L^oi:i^-g.x> .LojI L)j\lSLJ! (Jl^-i^I dUjS^ 

.corkscrew 3 I iLoliJ! JiLo 51 L 0 ^ 3 j 5 

^ - 5ju<_ia d.<_Q-(JL«a3 51^1 iJSLtJl 3 I Ju^-sCdl Lo dILu4) 

.CjL-ssSHjI JLois^l L^ jj-^ iibjiaJL) LjuSLJl jjS Lui-c 
L^1 jJ 3 L-iJa jl ■ d.Lg_Qli Lo C*xp- j -0 L)jj^ L_iil3ij L)jC;$_Jl 

i^J-o-u) ^^^Lp .(^Jj&Jwo 3 ^ 4.ajLo0-£^JI ^p^jjlLI 

L.52.*_J3 OLSjJsl Jw-ilLtuJ (jl LcPLoJ^ j^^ 

Lol .i^Jo ^ULIl j-^ Lcptj jl cCjLjlsjoS 

£33J3.J_4«J1 Cjr^ ^JlcCL *03 J 3>^1 pJ^cCL^wJ jl jfHvJ jS^ l33ll3-l L_ill3ij 

tjjJaJI dUjS^ .L^-oj^L^ jl lj^jSLo jSbc ^ OLJl^ (,^^3 

Liul i^yii ioJ^Ul <io«aj^l ^UaJl LjC^jJl L^J^cCLiuJ 

•i53^^ OLjLJLj?- j -0 llsLSj C)1 jJ33 S^3Jlj?Jj1 LIj1jJ3 (_>«5Lp ^^^Lp cLj ioL^ ^3 
^IjL^tLutL) i^I ctjl^^l ^J*^_QJCdl tjjjis j-C- ^1 ^llaJl ^ j^ 

L^l JlC^cLwI^ (L-OjI L^^^ ^^^JL5^-c) ^3*0^11 CjLSjJj! 5jL.ta5l tj ju?E-£aS^! 
.djLsJLI ^^jLOta LuS_^ CjLSjJj! .^Jlp jl LoS cLoLrIs LsjjLipL) 

jl LiCg.i^j^ iA^ 3 -^ ^ ^ j^3 (j’*’‘~‘~^ 

«CjL) 3 j^-i_tsl io-wOP-w ^o-utL) IjLj?-I I 4 -JI jLtu djj-tio- tbjCiSLJl ^I^jI 
LjuSo 2^3 (j jl5 ISl Lo dSyszA jl ^^1 jJjJ .microbial infallibility 

(^^Lp cLjCiSLJl ju (^j-QlU SjLLo-o Jlszj dJLcszJ LSj-o ^Jl^CLwaJ jl d_L(.S2-o 

.^yi C)IP'3 -o.:^1 (^jLp L^52jj3J tj CJuAa j\P L^I ^o-Pj 
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qnll uUuLill u^j uUU^I 

dJLssS bjCcSoJ! un ^ Lo jU c^_Q*Ivo7n JuJlq dil 

ij-o l^ljiaX*yl j-o^l .j-vi(-Jl ^J| d.x.t«jJL) d.,ooJ 5 >I IS 

Ob^jSLJsl^ Lj\iSLJl ^oiis2-o fijjjs (>1^ tj L^dL^-j 

cL^ 2?.^JLOJ ^ I ^Ll^^'uxJ I I ^ Lq_a_u>S^ I I ^ ^ 

d.^*.**^ cLilu tj ^5lj?u Jlj3Sf - L^^-iSLqj ut") SJ CjL)3j^-i_tsl jSJ - 
Cj Ls ^JL?ta3 j3^^ i3-^ ^3 ‘ 13JI ! j!J- 45 SJ (3 ^ L>® ^ 

CjL£'^3l-t*oo CjUaA£?cXI £3Alaj 4 -iSLjLujSLJ! .i!3Jsl 0^3 

Ij5aj3jj Lo !j.ilj cioLiJ! (^l3!3-ttJ! Cj-**JJkj aAJ iljLja CjLuoSLI 


(J| oUxtcJs! 4 J 3 .m,! d.ASLj-t«SLJ! ^!3Js! j^uzj SJ .j-%i-J! 

tj 5jjxl£?oo ^LsJl (jLxIuAtSUl ^LLii^Jl ^j-o iljljJa CjL-oS CjjLo jJjJ Sj-0 

-gyres «tLJ:2.*s^\ CjLo13jJ 1» ^SLo-sJl iajLaf'^l CjIjLjJI 

13I cLjij.^1 l 3 j.s£) .^LmxxJj d.Jn.*s>La C)Lol3i jj*oo3- dJLlfia t^LszJI cLpoI i3 

U^3^ 3£?o (North Pacific Gyre JU-i- iol3i» 

Lt^) L^Lujb 0^)3 £«[5^L^1 Ja-cPtil JU-<ii ioLsS <iszBj» 

ioLyiLIl 0^3)3 (SjlpcUsI C)bS^3Jl j-0 j\5t OjIS L€'j 3 jjAiLuSb 

Ojub jiJ £1 jl* 52 j eUS 3Jwj J 3 .(^j-0 eLcLaiSLJl j-o jJ5 5.5 3^^) 

9 

iji(_*52j (^^1 Albatross «i3UjhQll 0-0 ^U,l i3 90 •\S3^ 

I3L0 ajLtl ^ 40 oLii cdL^SlJL) Midway Atoll «J3 j 1 ^l3A^» ^ 
d-cMwJI J..M) 0^ ^bLt_LI Lfi-CLM)SLtJJ .^-t-sd-ol 13SJI ei_CLM)SLtJI 

j3JaJI ^-Uf3 fldc^ljJl cLif'S^b Jj-All jl l3*^-o-*3 CjLoo 5LI1 G1 .i33sUs1 

SLcpJl3 eJU-uiSH jA^ -^5^ bbj3*iaj ^J^ G cj^iJb LqjIj lj3S2.^ 

jbJsl i^^oo^- t3l3A-*-o i3 SApCUsI C)bSf3Jl i3 ijjdl 

eJU-wjSll j^3^ CilsLioo .b3Lui libCLaiSUl j-o 

ii^-CLwjSLJl ^13-^1 JJLIj G ljd 5 L^.*^ cL^^ljAl tidlA^I ^^1341 tj-o bl>j\£-3 iffbzJl 
.I3L0 SIAJ L^aiLit^l ^J| (JLs.ai ioLsS “^tssSj |3 0^3:^341 

dvw^-a 1 .Cjb3j^-aaJJ SJjAAIJI dLcLwtSbJl io3Li-o ^30 ^J*^-J 

3 

J-JLs i33*£* Cj b3j5L.ooJLI ^L) ^ IJJ (b-i-twj SJjA:^ tiLcL^tSUl Jlszj Jb?Jl 
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rUjJAll 


.L^JLoSL) (JiLs* oI ^ \jjb (3 ^ CjUT jj^laiJ 3 ^ 

3j?u 3^) TNT «3 3l 3^^ 5^Lo £3l-**3^l 3 ^ CjLSjJjI 

Jlo-I .LjUSLJl (j^iszj dia_a^l^ ( 3 -) 3 ^ 5 ^ 

i^js' <LuJij ^3^iajj .cLtl 3 dvoQ'?cjLo 3^3^^ d^Lls L^ 3^1 jJL11 3^ 

t.^0 DDT «3 5^Lo 3^3 j-3le31 CjIJuJsI 

^ 33 -J! CjLjIjo CjLjl^! J^JJ .(jU J5LI O.O 45 0.001 ju L^ 

^ 3 JLsIJ scavengers oLoLo^J! cCjLjiajiJl^ 

3 I ^ iJa^S iJljJ! 4 jj^-o 3 3 ^ ctJl-'-'Cj-iSJ! ^lia£>J! (Jx- djd_^ 
3 l-J 3 jJ-I 3 L:l*«MJ! iiJLLs ^Jlc- 3 SJ . 0 3 ^ 3 -® 3 ^ 3 -^^ iLls 33 ^ 

^ ^3^"'' dJJLco 03-^3''-^^-^^ .Ldul dJLol^l djL?-^l J.i-g' 3^ 3^^ ^ 

jJ3 ^j**_QJ_) cUsl 3 0^3-^ J-J^ j^ £CjIj 1^-££>J1 ^J*^-J 3^3 ‘3jL)3j^-i_tl 3-® 
3 L> 1^53-)^! i^JlociII \jjti CjL) 3 j^-i_tsl CJLo- .Js^l 3 ^ i.<^-iiLutbLJl ^ 1^1 3 ^ 152-0 

jSZ-t^ I iulS 31 j33-T«J^ ^'Sy^ cjLs'^I 3 jj-^ 

.oLjJls-oS L^!jL£?t^!5 (w)3j5L*-oJJ 3 ^^ l7^^3 

3-^- C -331 3^ ^3^ 31 ^1 ^ L^j 

3-0 JaS 3 ^- 0 ^ 3 J Ob^jS^tl 3^ 3-0 3 ^^ .3Ll«j!iLJl C.oJ3j 


(^^13 ijLsJLI L^ iw*i>j-o iJLs^l l^l .^LsziaJl 3-® jJL«ail 1 jjb JMxI-wjI 

1 ^ 3 Jle>- 3 -^ Joilsaj ^I LJ 3 ^ dU-lf- ^cJa 5 z-o L^L^Q-) 


cdUJJ 3*^^ d^jjis dJliiJs 3-^ OJlpCL*! C3lS 3l tbjLi> SjfCs 

dJH3Jl d.3-CL*ibLJl ^1 -x3cLwj1 3 3 3^-®^ 3^^-^ 

OLSj-tl -Xi>l .3^b ^^3^3-® ^l^-Ll c>jjb .UL> biodegradable 

LL(-J! SjoJlc- dJbU-o CjL5j-o 3-® ^3* 3 -^ d-*d5L?J! d.>-ojis^! Oli 

,^13 cPHAs 3I £poly-beta-hydroxyalkonates 015315^1 
U3 ciuldL^ 3-^j3c3 OLpcILoS^ Sj331 0133 ! 3 bjC^LJl 3-® dJ'-XjzJl L^-wjJ3j 
6jjb . d.£jg.*dil I oIb 3^1 3 £33-^-d) IjiiLwxj?-! 3j-^ 


3daj 3-^ ^JlpCL*uJ ^ cdAlSb 3^1 L^J1^3 L)jL^ dJ3-£i?Jl Olj-o-J^^^ 

d_}J.3LQ_dl d.A^.x.(-MrbbJ I ^ I-X3c..i-M) I ’^^^3 
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qnll uUuLill uju uUU^I 


^3-o joJlszJI .iltiLszJs! Jj JJLptiU iLLSJ! 

-d^jS 3 I J.5zjiIL) jia£?Jl 1 jjb 

dSj-vtJ 1 lJ-j^ ^ A. ^ 1 Lfl_(-Au-^ 1 

,^3 Jmperial Chemical Industries ^Lo^l ObLc^ 
(Monsanto SjlpClLI Ob^^Jl 13 djzs^-wj^ ciuLLajjj 

bj!j3 ObLiI! (j-as2j d-toJJL^ i^3-«i'Lt! UjJ! C-osJ^pCLty! 

g-oo^ ^3^ bjtj3 iljLszJsl CjUjISLU d-ojLsdsl Jotjj ^w-*-(-«xJ3 .PHA _I! OLi^Ctioo 

C-^b (ibbis d.A£?t*<33 d-<J-<_> 

c^JojyslS tj bisji^ (Metabolix 

dJb LflJ I ^3^ ^ d^^JLoO d^3.A.i7uO b-oO dS^^Cu ^ bxr Lo 

d^jL^cCwdsl Olj-o-J^dl dUi (3 Lc (PHA i^Js- SjSdjJsl JJLptiU 

(d_j_wJ! bbjlj^I tills t3 Lc twS-JlScdb Lo bjjSl Lcj 

iA> I^Lco- 3 (b^^^ (JJb?cJJ iblAJ! d_(SLcL(A»SbJ! .^l^-oJJ 


tilb 




' j 3 dLu>) ^ 


c^ 


^jJb j^-taSb^ ^bJb^ iJi?-!jJ! .g-ut!^ (jliaj (JJL?clU iblil! 

^5^1 JL?ciI! d^la 055J jl I^J5^ isz^b^ ,3-0 William Jackson Payne 
ijiloj ,^1 ^bJa-oSJl CjL^jJ,! g^-0-^ ^ si Lk)j^ biodegradability 
C -*-(3 3^3 (dl^l tj Ju<_Lo 3 3 -*^ ^1 (j^jr^-^ t3^l -di-i-Jl tj 

3J .^IjJl 3I iJ^Sll Lb3kj Ci^b 3-® Ob^jSLdsl bjjiCLtuS '•^'^ bs-^ 

U, (JbJjl J-<-^ (DDT Ols^l Jui-i-o g-o C-ts2^l J 3 dJaidl CdU 

jJa£>- 3-® boLp 40 ^£>6 Jl 52J (jislj^Slb !.^Jl^ twC^U bjJ3.adl5 (J^) J^JlIS 

.5jle?ci 1,! ObSl^JI tj DDT _I! S.iU, ^!Jle>cL(«SI1 




Jl d.xx(CJb tJl3 bjC(SLJl dJbzJlJ 3 I bo ,j| S^^sJb 

(TjQQ dj^dasJl Cjb 5 j_tl 3 -® is2_((tl3 3I bjCCSUl si 

3^-C -j^J^E-AuSSll JuoJisdsl ,j**_Q-Llll Jl ^b3^b df-^-lI-o l4-®-^l-^3 J-J 

dliwl^j 3'-:?c.*^Sll t^bi J dj^dasJl ObSjJsl 3 -® d( A)Sll ^llaJl L^J-o ^^dSU 
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cUj^AII 

fermentation «juij?cil!» Jlo CjULxp 

^1 jLE>tLt4tL)) L^Lo 

([SO-] C-Uj^l CjU^I - ,ju?c.*aS^l IJlC^ (ii^-xOsJl 4j^-«asJl £Cj 1 JL.t**5jJs 1 
*LlJ 1 (j-f^ ^3-® 4sLlaJl wlJ^j bjCcSLJl J .(JLltl 

Sj^ls U-0 (dijjis jSSL) tiUS J-o^ l^J!^-€'3 

dsliaJ! ^IJlcxILw! s-LlJ! JioJij .4 -!jLjlo Sc-Loj Cj!S ob-o tj 

tiJJjJ^ cb^Lc^tU ^jJzA Cj!jJut^^j5 (J| Jul.£« 5I tjb 

^Jl^^LwaJ .ixJ!I isUaJJ jJ^-waA (j| s-LlJ! cc^-oJ! (j| 4sLi^b 

bxlLo CjLipb |j\i?E-taS3JI (j£aL?clj IJl^ cU,! ^ljj-^^3 ObLlI! 

iJIa CjLSj -0 bjUSbJl (j^iszJ ^Jl:?c 1 *uJ £cU ,1 ^^3 -b^b 

■ b^voc- L5^ jrO^£II ^JLE>tLt*u3 i(H2S) 
c^-«aJl (J| 3I dj^voc- CjLS^ (JI bj\I$-Jl (j^iszj 3J 

Cjb^^-tjl Xo^Lmj cLlJI Sj^Lill dbb JXo 

c LlJ I ^ Jo (^I I (3 3^3-^ ^ O3-J j^ ^ Ju_*«S 1 (3 ^ (J-® ^ 3-^^^ ^ 

t^Luo-tSLI! i^JlriI! iolS CjUjISJ! dloJ! sLa^'l '3 •t33-*^^ 

OLSji! 60^1 ijs^ L^isLb <w 4 _*uiSo (^3 .chemoautotrophs 

-C-Oj^l 3 I JoJloJI ^ya cdj^-oasJl 

3)-o ioj^Ul d\ vO i3l I ^liaJl bjU^-Jl j^iszj iJ-«a£>ij 

<<OLLo^^L 1 Jj 1 >> JlSzj .JUJo^-^II 5J-02J ObjL^ iLo-OJXil ibb-o-ASJl OMf'LolIl 
.tills ij^ 1 j^ SJHo ((JjLoJI 3)-o-o t_Q;^l (^l c^^Wethanogens 
Ju<_i«Sl tjb UjJs ijuo! ^hJjL^ O^ d^voiSlI L^IsLb (J_«a£>!j 

^5Ji?-I CjLjISLI i(CH4) jb^l 3 j 2 s tb-Jb jiff- ^bj^ cij^^jju^l^ 03Jj^^ 
I ^ ^ ^ JJ7 JLm.O I I ^ Q Ij.pSU ( I JwoJ I^ t—I Jo J.^cJ I JwI-maS^ I ^ JjtJLccO (31 
bj^l 3>-0 lSj^^ ^^ 3^^ (3 ^^ .j*» 3-L1U SjL.taSj^ SjLo d_Q-0^ ji-Pt^oSSlI 
C-bl5 L^J .^llaJl 3>-® dJLj-O jOjLits dj^tlUjl ibb-O-i^l (JoSlf-Lo^l JSLRl.*yl 


•If>J?'J^I] OljJ^a (^) 
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qnll uUuLill u^j uUU^I 


disz-jjJj! dsLIaJ! icpEuAoo 4 JLoL?J! CjIs^JL^eJs! 

iw*JLszJl juas^ (3 liJ-JLtl jAc-o- OLfr^-o-j^ ^jj3 5 Jlj?'13 ^jJ iJ^L?- 

d-J^l liJJb J.52i?-3 j-0^^1 Ju<-jJl ^JLlIL)3 

.S^JlszIa bjcSLJl g-0 LuS^lj^ .(w)j-%iJLI G^jUl oL^-LLtl ^j-o 

tjjis Jlo-I jJLff- .iuljL^l L^L^L^l tj jjJlJlII ^jjLjJL LajI L)j\iSbJl 
(^ ^Llo 3-£^ Lo (J)^ Sj’uS^ d^s ^ ctw^LiJsJI 

3jJs3 cLoLoo j^3 Jl^-maSI t3^) ^>-^3 

d_s2,(-Jaj .ixJ^jSboo SJlpLcoo 03^ d_5.^c>tj i^3j5Lo ^ J-o-C^ 

^ (^i^J £(33-^3^-^^ 3«i-*aS^I (3^ LojI IwjIjL(JlU cJL^cJl 

U 5 ci^jJ ^*^symbionts OLioLs^ia (J^ 63^ ^1 ^Js>a 

JucCissj i33^1 (3 ^3;^3_L1 ,jru^3jr^-tjJ 1 ^IJlcxI^I CjLjLjJI 

i^I ctwil-JaJJ L 3 jiaJl i^JS' .d.*^l gJl^) ^LiJJ l^i 4 la-Oj_tsl Lj\lSbJl i^Js^ 

dLiS^^l LjuSo £L)j\iSbJl (j^iszj dlLui) £|^3 JlsiI 1 Ju<-L-g-ilL) ^^JLssitl 

<^ 3^113 ( 31 (3'^^j-^^3 l^JLE>ci*to '-^J-lj JJLo clactic acid 

^Li£?tA3 £d_)3jLsiJ! du^\jJ\ Qji 3^^^^ ^j-UriLo t^j^3 .saucrkraut (JJL?tJs! 

d.xJLoo^! ji?Lsi?-^!3 ^ajIJl^! O^iLo^Jsl t3-o ^3^ ^-6*Io ^^3^3 (J| 


.UjUlC- tj d_J| ^llco L^ 4 jjL^ cL^Lszis tj OLL<_aLL<_QJl3 
^ 3 -o d_<_Q.CL*Alll ^&-^LjLj GJlC'Is g-i_ut33 LjCiSLJl t,_Q £ \ vo"i jll:?-l dllJJ 

Lo JoJlco ^ (j -03 i^jLco ^J| UE>-3J33j3is 1 J 31 ?- OliiiE>-^iLo 
JjSs MJlo 3 .L^iu djLtjJl ds>^\ ^y^ C* 5 >tJl 3 c<iLg-Qj ^ 3 I d.Lg,aj dj^^^zA LjC^SLJ 
£twJ-tL?J! jSL^ Lcj £ dJii^ji jJzA ^l-Ai^cLw! ^ 3 I dJi*-^A bj^lSo g-Jal-taJ 

^lJaJ !3 j 3 j 3 ^l OljjJ IjJuOja CsjUlpb £lactOSe 33 !^^! 


£bj\iSbJ! lju i)3^a?J! iuLuo-kSLI! Cj!jLj3-^! jjJlsJ! 


JJlo 33^5^! ^IJlcxIw! (J-p SjaAJ! CJLa£>- .ioL?- d_ooji>l 1 c> C^3 
d_* 5 ob^^ciSb ^3Jj.^ d.^Ly^l dJL_ut3Jl dUj Oi?=-<-oI -ilSLtsl 6 jj£> 


.CiMilS^ 3! (:$:) 


71 






















rUj^AII 

d_*.*_***_t! ijoj.5_lsl L^jlsI ^ys' cSjuoxe?- 

IJjjs ij^ j-cwyl .Salmonella ^^XLJl ^ 153 ! dJh (j U cjilj-oki 

^^jJl (j-o cIJloI^ JoJle>c 1J jLxi>-^l 

^IjLptLutl LJ^ISLJ1 5 jJ3 tijS^ ‘l53-^3 CjJleo i^jJl 

(3 j-oJLmaJ tjl (is>3\jJ\ <Lu.^zji SjSliaJl il^L^JJ 

.jLli>^! 1-^3 o*^-^ cil 3^^ (3^3 CjLjJlrJs! (Jx- 

\jjb (J-ff' LjjJkS C-tA£?- LlLo Ls^ LajI j-3-Jl 3-^ twillco 

Cjlj^S^i (J| 6j\mS3 Llo ^^^-oJis^J! d.xJLp^ 3^^ ‘2^-5 JLfiJalS .j5L**J! 
j33j £L£>t«aj 3^3 £^!jk3tLut^! dJL^^ i)j53y 

Lli-J 1) dJLaJl cijwSo 2^^ 5 jj3J1 gJjJs Llo j\^ 

lactose ,jdas^ j^» 35 ^=^^^*^ 3-0 ^ i(Betagalactosidase 

cLsz-oyi J1 c^>.^j.uJ6\j d-o-ojb ij^ ‘^-'-j-^ .intolerant 

iw*-L.Mxj U -0 cOljL^l^ ^^3 j5L*iJ! bj^iS3J! Cj-le>- cdJiJLaJ! 

5ft ft ^ ^ 

^ 3^'jJI <—Qi*o> 3^ 3^ (J^3 -^3^2^ 43 jL3 

. t- Q I *1 r>- a ! 33 

t3 LjCiSbJ! 3 I twJ-SZ-wa J! 315 ^ cLo O 33 tj 

(3^1 l-'-^3J c^JloJI (3jia-Il t3:'j-^ 3-^3 .i.LS2-<-J3 

(^^UIa-o31 tj dJLoX' iutjU-o (J| j 1^*31 Jjlj-Il (wiLCL«alIl 

g-oo .^1 L^ljrCf'b ^ls^JLLi*<aJs 1 CjljLl:?-3t 6jj£> ^IjLi^tLutL) .jCa?E-oJJ Ju3_Ll3 
.L^l*-o-*i*J J| g3aJL) l^Juo^ (^^13 c^JLlsz^ Lj^ixSL) JjJlOeJ^ Jj.f:' t,_Q*:ivo7ll cUJLsJ 
.<._Q*ivovn i)!ja {S3^ ^ 15^31 ciiJJS 2-03 

^Sojj .toIo'Ka (^1 cbjUSbJ! ^_0 * I v-aVl (iLl> 3^ 

(j| ‘l*-«AlIb 3wL*j Lo JLJ 9 I J.*.szj lSJji> cijj^iall) 4 j1j3J! i^Js> 

.dljiij^l 3 -*-^ (ja5z31 ^G-iJsU-wjI L>S £«^g-a31j.:^ 1 i^jjl3» 3 I bjCiSbJl 

iuLoo-iSJl Cj1jLx 3-31 j^jis ^jS' bjCiSbJl 4 _>^j3J1 2.^3j31 JoJleo 3-^ 
cbJLoX- La-^iaio Li>^^-(J3j^-3,l 3-^^^^ d.-o-^ d3Lo-ff- 6^ia3- 

dub^szMD C-ouI ijovj) 1(^*3^) d_aJb3Lil 2.^5 j31 joJlpu 
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qnll uUuLill uij 

>^JlS ^3-0 ijS<~e ‘^JlS .4^LJ! 

<Jj 3J 5iiLL(JI i^LL(J (JJoO ^.Pc..i_} d_}i23-^l 

UJL?- dUi ^^-ol .i^JLPtlJl IJuSs d^L?uo 3 )-® 03 jj^^ ^ s-UJLff- 

i3 OLc^^-oj^ i^jjz-dl ijS^ <JljS .LlssbI^ Isjjb dSui j^l 

6jAAJ 1 31 i^j^ dJ^ilLol (J^ £ 4 ^^-o.pcoJLI 63.00-03 'iS3j.sz-o (jajLai>- iwiLi- 

y^\ !j^ ^liajJ! jJislia-o j^iszj «iLQ.k 3 ^ ^jLflsj^! i^^Lt- 

OLLilai^oo j^L*<a-o L;>^^^3j5s^! dU-i^- (j-o 

C*5z-o.:^ .(3j^Iaj ^o-6-Jo> ^ 3I JlS (_^!3 cj^oo^^l d^I^-a>no 

OLLalai^Jsl 6jjb ^^iaJLo 4.*<3j^iJsl Ji>Ljj^! ^3^3 ^l3j^l 

^_^)3 £6Jloj> OLLoo 3 c 3 I.^AA-g'-) 3)^ CloU ii^jLuj US .3'\-o3o d.o0j^) 

j3^^1 (ja52.Jl (jSJ . (jxiLuI 3)^ £ i3J3-^'^^ I ^JA*5U^3 

CjLl^S^I J^ £Ljj.fl3 \jLd^>!^ 3-^ US £^.££003 663i^b ijS^ ^ 

4 j 3 jSJ! L>j\iSLJ! jl " jSSl JlSLil (J| Li^jjJ Oj^ioj bjcS-Jl jU 
CjU-« 3 Codxll ^ £(jS-£tJ! 4 j^ v-ac ^.okOlI CJlial*yl (cocci CjIj^SUjI) 

t3 U.**oajl CJLo! 3 ^ 3-03 £iLoLaJl jS^^iu vibrios 

^lii-o dJLjb 0^3 .JS-«iJ! (Lo^jls^ spirilla Ob^-Jb^J! Jj ^^liaJs! 4^1^ 
OL51SJ1 g-t-oj?- ijry3 £bj^jS-Jl ijjU d^oLoc^^JUaJ 1 j^Ls-o |J.£?J 

.dj-o 6Lai.£uJ3 * jS i^jJl £d.£i?Jl 


J..AM 

Macromolecules Hold the Key 

^liAJjb 4_JL?- JS t3 663^^3^,! - RNA bjJ!3 DNA bjJ! — CjLlo3jJ! bj63j 
6 U-t«Jsl3 £ 4 .* 3 t«aJ! OLljyi^^ 6 jjJs i)!j^! jyLitu SLoJ 

iuL^ bb^' £macromolecules ^3^^! OUj y^b ^Uo 3?^ 

J3k) J-b-) ^b-o 3 ) 1-X:?- J-)3b) U^£o^ j£ajLai?Jl j^iszj jisUlXj U.SJ3 

£tAobjCSbJ i333-^l (J^xoj^JI i^Js- (J-oJLtt_tl c-i3j-^l 

iajjj ib3laJl J^^y^LuJl j| .(U-t«Jlj <xAs^\ 3-* ^j-o <o.iJb J3b)I ^^3 £^1 
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rUjJAll 


ilL?- Lj-ooI 20 — CjLl)ji?EJLI ioU! CjLlJLI! 

UjJl^ DNA IjjJl j^-2i*j?EJLI d_ali:?oo 

^Jle?eJs 1 tw4-<3jr01 t,_Qh'Kj 5 ^Jle>!jo 3 iJl^la ^j Lsz-o - RNA 

(djj-o-J^Jl CjLl)j^l Cj1j-o^3-o) CAji) i)^jAll cLlJI CjLlJ d_) i^jJl 

^ ^ pm' * * 

j II jAAj LoS i ^ (jAcj>- 3 1 ^^3jj («L^l«.l 1 3^0» i3 0 

.^3j3lall! 

3jL?J! JLo^! tLinus Pauling 2-^3^ 0-3-^ £1965 ^LsJ! ^ 

J-wao i^jJ! JUL03J! (jiii^E-itJ! 3^3 - s-Luo-kSLU tiJJj53 
LjsjLif'L Cjbjj^l j^IaJ! 2-03J! - Jle?-I 2^ j^iSjUitoo J-?3^ 

:^^l3 ^3-J91 £iiUjJ 1^3 £l3i?tLo3 i3j3lalll ^jLdJ CjLe'^3l-£«-o 

£^Lj 3J1 (j-o) semantophoretic molecules «^j333IjU-^ 1 C)Ujji^l» 
.semantides CjIj^U-^JI 3I («C)Lo3JLs2-oJLI iLoL:>» 
tiJjj5 (J| JAqII tw<-«£*-Li £1958 ^LsJ! ^33 £Cj!3-L*** ^Ao tillS 

(j dl(j:)! (J £1-3jJ! dljUit! (wi-^tccSLtl 3^233 £Francis Crick 

d_LL5ZJ ijo3jd d.xJLoo9l d-J!3lA tjb iJjL 5J!3 tljrdS^ d_l£. i^jJ! djiJLszj 

CjLo3JLs2Js1 CjLuoS ^^jISLU ^3J_£bLIaJ! Ja-ojJ! ^3-^ (3^I» 05^ 

.«L^Ii>'ljj 035b J 3 ijj3lalll 


L-Oji^ 3 LJ^ ^*-^3 C)jj 4 ) gJLJ3J £^115 g-03 

3Jj>3 £L^Lo iL3iaJl dJL^ls ji?-l jyS jLcol ^L5| 

3)15^ dJLcd 3^^ 3^3 ‘bjJl ilCL) ja_q_Jaj tiJs 


J3«2) :d_o^! C 3 Lo 3 JL 5 ds! £^3? J-o-szj 

Rosalind ijdSbljS jj-J!j3j I^JlpI LjjJLI d^CLt-wJ! ^^3^ J^LcI 

t^j-oJLff' J-C3-0 tj CjJLE?tiI!3 J3AoJI (J| 2J^3j .^Joju3l5 t3 Franklin 
d_aUw 2 i 3 l d_*_t 4 .L_ut Gj.q-£a* 5^3^ t3^ £1952 ^LsJl tj jJjJ 

£Albert Einstein JjLlAuT CjjJI 3^33^! aUJLsdJ Jl 

.dj33jJl dj?cJLAt 91 jJ3lrCLi dira-Uj-LI jJaL^dsL) j3^-o.e>J 1 d_«jj 5 Lo d-o-lila (^_^3 

L^-oy?- £ioljjJ> ^ 3 A^ll 6jj£> jl SjLoCLtl CjL) 93I1 io 3 Sb?- 
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qnll uUuLill uju uUU^I 


(J-c- C-^Lo .6.ijLJ! i)!jj 

-jUSolj^ clidal ^yA J3 i^I gJLJ^ 

g-o ^JojyilS^ (3 King’s College j.sJLiS (3 J-o^ j-USLjljS C-olS^ 

Ju^^j L^l CjLyljjJl (^Lk) Maurice Wilkins 

J-«a3l c^jrJSolji iosl^A 03^ 6-® lPj^ .Raymond Gosling 

.James Watson (51 6j^.«aJ! (^^-£^>3 £^^33^ ^33-*^ 

.LJ^jJLo- MSL.*i ^533-^1 j 23 -o.e>JJ jl Jj OjLil 

dbjS^ eJjLtJ (^^13 cljjJ! dujj> JsLu-w^ CjG^IszJs! tiilj 

diij i^Ij Jl 9 jl 5 3J (j O*^ 0^3 ‘>*^-^33 

.LoLc 4 AJLX 5 >to IjjJl (iuSj ^j.sCdl iwaS ColSJ cljjJl 5 j^-waJl 

OlJuCdU-<-£*Jl ^c>-£**l gJLJ^J L^d-t' ^3lk)I ObjycdJ iolidl ijlSLtsl Cj-pcIj 
J- oj?!j objji^l 3I oLlo^I L3L0 j^ScG (J-0 

(3 CjlJjy:^! g-ooj?- lju .oLlle>J! (3 di-o-waiis! OG^JLsds! 

£ljjJ!3 cljjJI - 4j5j\5d! Objji^! cjais <ijl^ dlLljfc cbMcdl 

Cj!j JuJb^jSLIl^ £b)3-£i>3dl Jjbllj ^ . O! JulIj U.-£.*iJ! ^J)j3 ~ 0^331-^ ^3 

cJjb ^JlE?cIj .b)i^^-d-C^33 uJ-i-J! 3I ijCLcdJ! (JJLo 

£d_JL?Jl Cjlj^Sbo JXo I3LL0 cgdaJL £LjIj 3 Objji^l 

3 1 U jJ 1 ^ ‘ b3^ ^ Cj G^JLsz-oJJ 5 j^ Loo dJLo Le>- C-*..Mxd 1-3*^ 

Cj^ilf'LQj OLljj^l cJui) vo"i .dj^ 

l 3 j^ 3) Cj^ilf'Laill GjAiJb g^i-c3i3 CjLlo^jj ‘CjLcjj^! LjsjAco 

LajI CjLcyj^l ^53I£?!J cCjLuj^jJ! JS JJLo .(catalysts SjLioJ! .i!^! ^&-ajb 
o!JuJdU-£.«J! ^yA dJ5j^! oLby^^l IjSbb^ Olo^L-gja 

oLo^bz-oJLI jCCiL^! jLii! ^y£■ il^ys^x ^3^3-^^^^ i3:^3^ i3 '■^3^ 

•C!p33dl Jl ^3^1 Jl 6-* ^133^1 

^U^bJI 13w(..(_) L^wt^ud I ^Li-dl dl 

(3 £i,jLoodi d.x.utLydi cjLlJJi cjjji) .ds^ jsb 1333^^111 

,j\.ut^Ij_«d I3 £|jCL)iidl) bjJl ij-® J ^33dl JLC-l^iLll^ cCjljLiJ^jdl 
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rUjJAll 


iJS [3 £|j\JL)ii^!) LjjJI t33 

ds?oj\3 ^y£■ lJlJiSo (^^1 CjLo^JLszJjI ^J-o JjLib d_JL?- JS tj 

ij-t-i-w ^^^ ^-JL^cJ 1 (3"^ OI tin® t33 ‘l5^ 

1^jJI j-o^yi 3p3jJl chemoglobin JLo^Lz^l ij cJlltl 

J-w^iLut 3-® 33 ^^ .CjLoJulII (3 3-o.eo 

3^ Ijlj?'!^ 33 ^ o^ 3^^ l^Lo ijS cL-LooI Laao-o- 287 3 -^ ij^SLo 

d_sJLI! tj l(^AAA Qi ^JlC 3-^3 3 -® ^3^ 


Ljj 3 j .i3JLE>Eis! j\£' ^JlszJ! (Scrabble JjIjSLw 3-^^ ^^JLszj US cJ-^jo .ajj-JLco^! 
3-® j\a 5 ClI! 3^-^ 3I ^^js^jISAI^ OU-ISJ! 3-® 

.dAJLxi^ta O^iLiJLuj tj 287 

3US g-®3 -ISs L)j5 ^ CjIJ uC3U-‘_t*Jl d-Jj ^ljL:?tLutl 

3 ^~*^ 1^ L^Lm> d_A_u>Lu)^l 3^ 

lU^ ^1 ‘^'-*-A?jAJ! JuoJCssj ^ Jl 52 j ic>t2?!3 lU cdjs-JasJ! 

dJLwJL*! 3-® d-Lcszis! CjLlJ^jJ! 33^^ clUS c^^I .CjLo!j?C 3^!3 3-® 

d_*tAj s.j^^3J! J^Sra-Li^) ..iJLE?tA 3-«JLaJ (3 d.xJLoo^! jAU^^I 3^ ib^Ja 

LjIj .(L^j (J^IAeJ! jA-ctJj! IjjJ!^ lijJ! jS-ctJ (^^1 dj^^jJ! JlpI^AJ! iL mJLmJ 
c 3y3J-A3.c.^l I £OLL(J3 jJ 1 3-^ 3-**S-*40 3l 

tj djLctCL) cd_all:?til d-<j?Jl CjUjISJI tj \(^ 44 iQ ) d_Q-Ji3Jl i3 ^3J i^jJI cjlbtsl 
L^jJkj CjLij 6 jj£> 3I jSrLoJsl 3-* .LoL^ ^ djSJ L^jlo JS 

6 jji) . dijrCctoo ^^_JAJL*t j^y?- 3^ IS S[j?Cci_a j^^ALut 3p3 j-J 3^ J 3^^^ ^ 

3-03-11 j-o (J-c^ OjJle?- j^^l OljAlaJ! Iw3!3p d.A£?J! CjUjISJ! ju Ols^ibA-^! 
cOIjqUII Jbo cCjlj^iil! cJjb 3-® d_AbA^! ^&-caij .^3J3Uv^ 

Lfl>lj-j 6^3 X.C iaJ! dlAlj^l iJ. 52JD l^^ljj 3 ^^ CAS (JUJLj3 cSjLA L^3So 

SjoLooo CAS L^I Jo ^ L^-Jo dALsI 3^ •^'^3^3-tl d.<j?Jl CjLAISJI tj d-csL 
3I (IUa<aa 1 \j\Jz 3 ^■A.A.cuj 13I) iLoJo?oo 3I (dsLtjSl 3^-^ jv^ lSI ^ 13I) 

i^jJl (^y?Jl 3plSJl J| d_A_«u-i.lL) Js^l i^js' c3^3j^ 1 JsLiA 3-***-^^ lSO ^aJLAlqj 
.O 33JI J3J-C L-cC^ dAllc^Asl OljAiaJl C jj4) ^cSljrO .(d_)3^ 
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qnll uUuLill uij uUU^I 


tj £d.xJLoo^! jU (JI^Lj 3 

i^j^ialll (j-ojJI ^jAfcSLszj ^jl (w*.j?5j OLlo3jJ1 

ijj^lalll ^L«_tl ^&5 Le>J1 Lu^-€' i^jiaJl ^>-3^ .Ls^-Lu JvoQ i i^jJl 

iJ.52jij ^o-MA^ 5LuSL^ ^ 31 cj^-g-i ^JLlIL)3 tiiijrCttoo i^_^L«4t ^J-o 

SjAlaJ Cj^L?J 1 tj3 £4-ol3JlsJb CjljAlaJl 

4-JLs2AI! 4j33^^711 ^LmaJj! l^lILo- (J| ii)L*t 5jAk) ^b?-j| 

ju ili 3 £>EJLts! CjIbMIi?-^! JUJ 37 J L^ 3 Jle>- CjIjvsII! .LjJblii 

A!jLC>ci*«b cioLai?-^! (J| 6 ji?E-ttJ! cLl) L^Jb cO!J uJjLwwJ! 


6^3^^3331 ij33lJ! JLff'!3AJ! O^L*J-«x 3 ^53 j 3 .S^JlssLo OlJaJaixya ^jJi Jl£?'! 3 
^jLdl l-q-JtJ L^JiSL^ iLoLi i*<a3 0^3 ■ dvooll 4J33-JI 

£(j[U3l£'3-o-£3l 1 dxc?Jl Cj LjlSJl ^ .5bj?Jl 5 j.:?e ^3 i3J3-^*^^ I 

.bjJl j2a5ZJ3 bjJl ,^3l£?t3 

jl (^^1 4jjAlaJ! ^3^3 >i>A5 J ^3Jle?- liiLjJs Jb?J! d_si,wiaj 

£ iju3!^33^11 Ais !S| .47j3Jb Aiflj iJ-j^ CjLlu33J! ^3^ L^J-o-e^cTj 

cL^aJ^! jiilEO .ijO31^3^-^lI ^Jb 05^ (J^LS £(ju?E-£aS^! iJ-CXO £^liA 

•ijb^Jl ^3-ba-) ba £Cj! 3 \-tx 7 J! ^3R-wJaJ! 

\ 3 ^j^ (j-^ £ftLa^l 3^3 £«j^Iail John Roth O3J 03^ iu3j5m,l 


LajI Ais dUi 5*3 -^^3^^ 6 «:LqS iJI^ CjljAlaJl ^^Js' £^3«3L^1 
jl iJ-j 3 CjIji-xIII ^3 -o JuJlsJI J-o-ocIj L^cJis-oS ii)LsJJ ijj-o l^jl C)LLaJ33 J1 
^j-sslil J-w_t*Jl I 3 L 0 l315 lJlJiSo 3 c<XjJlJo^\ ^ 1 L) 3 J^> 3 I t,_Qhi 


•lSJ 3^*^^ ^jLdJ 

(ji?U-E>-^! 4 -J! 31 a b)l iljLSJ! SjSLflJ! 2^3-j l>*’3-^ £1965 ^LsJ! (3 

dJLooj3 3jjs 5 j-^ 03^^^ (J1 Ju_^j ij 3 L^ CjLLaJ 33J! tj d.AJ-oo 9 l 

l^i^ls 3^(3 £^3-033 4^jiJl Emile Zuckerkandl JjJlSjSj J^l 
a.tfctb'^ b^-^^ £d.JLo^l L^ia^ .Cjbl3-£i?Jl 3^ CjLsMsJI iobzJl 

d_£i?Jl CjLjI^I (3 (LuaJu ^c>-t£tb?Jl 33JJI i3'^3-' cry3^3-*-^^ 

CJJS J-0^3 £j3-£tJJL«x^ 1 *13^1 (j-o iju^E-AoS^^b J 3 bj 391 i^I £d.JLe' (33^C?!j 
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rUjJAll 


|J_j 3 ' O^ L>® .^&-«a£?J! dsKM^\ (j| 

t3-)ji3 d_*«_Qj d ^ Q ^ I vo"l iL-OJJsI 03 ^^ l >®3 

i^I) j-0^^1 ^jJl ^ 3I tJl 1 

ft ft 

dl^ilLo^ dil ^,«a 3 l Lo 3Ji)3 3^ 14^3^3-*-^^ <J^ l53 ^^^ 

-dJl jLa: 3 ^l 3I i^j^ :)3-o^ 

CjIsMIc^-^! ^ i^Juo JoJlOcj O-^ dJLt^^ jLli?-! tj Ija 

Cj U !1 (3-0 lju Cj Llo ^-o-^! tj ! (jiio-E>J! Cj LJ!(3 

dUS (3 .LsA-«Ai^ d.^£?-!^ ( 3 jJl (^Jle?ciJ! 3^ .l^i^i ^^j-szis! ^^3 3^3 

d.*.^ CjLlo 3 j 3 ! JlE>-^ d.xJLoo^! JoJlCO 3^ ‘ 3 j 3 ^! 

(3 (j 3 -o^ d-(jL-o-i^l illj^l ^jJbLtwJ tjlll3 c^Lut d-oL-o-iS 

clj^l l^JLa JS ^_■>l^^a 7 l ^^^(3 £J3^1 (J| 3-* £d_JLft 3y3j>^^ 

ia^^I-0 3p3j-J 3-^3 ‘Cry3^3'*"^^ -^3^ ^3 LoL-o-eS 

141 , 3 -® Ujij!jLE?-| 33^^ :(jcd_«JLu ,3^ (wiJlij LjLooI Lo-o-e?- 287 
(jijLso^l OUl^l^a djj^-^3 dJjLC?Ej 3 l -146 , 3 -® cL-LooI La-Oj?- 

d_A£>-LiJ! ,3-® (3^-*^ (3^ cCjLlo^jJ! cJjji ,3^ (3 d.xJLoo^! 

.(^^Lo^ _y'^ 33^^'"^ O^ 

Judipl dUjo ^L 3 JLI .Oj^Joj Jl 1£- djJibj 0:?t2ijl 1 ^ 53 —0 Lc»t^ dUJJ 

Cj^lf-Loll! ^iJissjo CjJlocj ^ .CjL^jJ^I L^ (J-o-ssj (^^1 ^jJ! :j 3^1 yS 

^jj| dJa^!^ (Lajj-t-oso) L^jl*SL^ JlIc- ^| d_a(L 3 3^^ Jd-s^-s' 

cd^JiiJsl CjL^jj^I 3 ^ ^IjlpI d-j?tJI CjLjISJI dUJJ^ ‘i 3 ^ 52 jo 

d.*So.i)j3j^l ioLoo-iSJl L^^U^Laj 3-° J^ 3-° 

^3-0-;^ CjL^jJ^I (jilSSJ j-i£?cJ ■^_Q h'j’iLa '^-^1 5^ cjlijs! J-E^ tjjLft 


<<Cj!jLJJI» ^o_a;L CjL^jj^I yij ?6 id^LiJ-L! Ol^LaiJ! 3-® djs^l^ 

CjL^jj^I ^aJissjo 3 ^ ■'^3:!j^^ 3 03-‘^dJI 3^ iss^!^ C^dLQj (lipases) 

tdJLcssj ^j-^i J-o-ssJ .L^dSL^ Ol^LolIb ^3ls£lj U-i3 d^Lvaol^ d3-3^ 

(JSLi (J^ cD-lactate dehydrogenase «C)liJ^-|^jJI 3yr3jJ^» ^jb ys 
(iuS^ ^3 .D-lactic «dLjS^^-(3dJI» (J^a-o-c^- 3^3 £JLr>l3 3 -^ ia.Q3 ■d-i5*'l3 
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qnll uUuLill u^j uUU^I 

jl cL-lactic dLiS^^-J| ^5l cioTj-L! J-o-ssj jl 

.Llq i^JS IteXj L^>S^ ^L^LfcuJuQ 

(^^1 CjLfi'jJ^t jrO^ J ili^£?EJLtsl d.tvOvO'ytlll gJLJ^ Jp^ILutl 

-j^^I *[3^1 (J| CjLlo^jJI C..<-J-q.'Li 0^13 (proteases «CjljL 33 jJl» 

£j 2 u ^1 d.JLo^ tj dJjLLo tjl^^I (^y^l ^JJlSLIl tj d_alii>J)l Cj Ij 1*33 jJ 1 i 3 

«lj-l J1 CjLlo^jJ! C.<-Jjaj (^* 0(^11 d.JLo-P 0^3 

dJ^SUsI d.xJLuj^! JaJjJ d-oL uo-aSLI! J^ISZJ t 3 JjJ 3 

> 

(JI iL^IaJ! oLljji^! CjIjLj^jJ! jiajjj tiJJja ^Lil! jj^ 

OUl*oQ7d.,uoJi>^! i^b d_Q.A^o- £ Cj!jl^5jJ! J-cxssj ^ 

^J-o 5 ^JlE>oo ^133! ‘^'^3 5 ^JlE>!jo jiaJlJ l^jLs tj-o .gJLJ^j 

(jibU-o^l Ij^ 01 jLj 3^1 OJji> (dJLtAJLfcwJl (3 

iiJJjJ 3 .JvoqU L^ 52 ^ 3 -o JJLff- ^ ,j^ 3 jJl JSLiiu d-J-oo^l 

i^JlJlI! d.xlJ 3 ^JLff '3 (Lo ij^ 3 j-> t 3 0 ^ 52-0 j^ 3 j-J bbJLflJj jiaJiJ! CjLJLo-C' 

.djdLtuJLMJ dj 3 ^_ls! d.xJLoo^! iJ! 3 io CjLo 3 JLsz^ (dj^ djpcjLJ! 

j 3 is 2 j 5 .i 3 JLE?!y 3 1 ^ 3 ^ cSjJ^il! L^jJ Cj!jLj 3 jJ! ij ^^3 

.Lo (J^ 3 jJ ij 3 SLLI d_J_oo^l iJ! 3 Lo OLo 3 JLsz^ ^^JlS■ iJ^j£is>i}\ ^^JlS■ 

. L^Lg-A.AA» I3 Cjjji) 2^3-j 

^__^JL£J3jU) ^ji^l 23-J3-J l)*' 33 -^ jLa 3 >-) £ ij-03JLg-3-c.A^l I djLudj^ 

(^ i^ 3-^3^ 3^3 ttrypsixi «(j\. 4 At_)j\J)>> 

CjLl£J3jJ 1 ijx- LjjJi.s Jlao^sj t3 L^ (CjbjLo^l 

dA^,i CjLl£J3j^ tjT^t ^^13^11 .1^31113 

(J-P CjLL£J3j^ dj-Loo^t (jbU-o^l J-wj 3 Lui > 3^ :Lo (JI i«aAL£-3 

0''-^:^J^^3 ij''-*«-> 3 UI (dLwJLuJt (J ijAji 3 ja.E?J 1 (j-o ^^^^3 ‘w*jb> 

Cjjt;^ 1^1 tiUjJ -(o^3j^ 1 (jia-o-c^l ^ 3 IoqU (Jx- U-^ ^ Lo) 

£i^j3lo7ll jLaaJsI J^b?- <o^33jJ1 ^LLmImj J bL^ 3I ij-U£«j^l bL^ 

d^^uJjJ\ b)3^LLu( ^2-0335! J ijuiwJjrUl gJaJU (jJls tjr^^ (ja-ojp- J| 

l»iJx Jsl dj^LJl ij03jJl 03^ (JLdb3 c^^]nQ\\ (j-o Jsl l.!>Jx 
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rUj^AII 

illjj 3I OJl££> lisLoj .L^-Cn:£> j^l L^-1^3 

(j^ dUjJ .dj^LJl blia-«iJl3 ^^IoqII .ijix- S^bj Jj CjLlJ^^I (jiissj 

,j«a-oJ?J) Cj)Jli?-3 ^Jl 5 sJ Lub-Lo Jl^sj |jL*u_>jrvJ) dj^LJl blia-«iJl 

d-Jl^lX 3J5>3 ciLwJLwJl (3 (^^yJLoo^l 

^ I dJLo I ^ ' ^b.MxJbuJ I [jy J I di^JLoo^ I I 

.(^J5]allt iL J 1 

(j\*«jjfJJl ^ljLcti* 4 jb (LoL^ Laii^uo bl^^ j''bc' ^j-o CjLlo^Ic'^-o-^I ^^^3^ 

^jjJs (juuJjdl jiaS .1301:^15 ioL_o_<iJl L^wajba^-^ d^LlIl bllaJlIl ^JS- ja£?t 35 
CoL^l5 (iilsJJ d.«a 3 ^lllll Cj3j .dslaS ^jj3?u Jl CjLlo^Ic-^o^I 

jU-b .Lfiil^uo (j-o J> 5 ^ (j-0 bliaJJl Ja.^ jl 5 ^5! .d-cx^Ll dil^^l jo^zj 

Oj^ ^J3*^ tL*iul 4 j 3 j 6 bl Ljbjjj^l L^j 3 (;j^3if'3cu^l jl (J| ^^3! 

d^puSj (jyi2s5 £l^lQ_Ja53 1^33) dhoV'^uQ JJaj tg^LtJl t^j3lalJl ^3-0JJl J-C- 
J-<j:?l*uJ JU^l ^ J-o^b bi5jj (3JJl3 £j3lalll LjlJuIjU-ctJl J-<_al*«i) djszct-ttuo 
.o-wfllLl l 3 jjziJ 1 CjJlp- 3J £A£?-l3 iS 3 J^ ^3 J3la.lLl J-ol 5 ^jb 

b^'^3 ^ bllaJlU ^L:^yi5 jl ijUi j-o ^&j 5 syi 5 

I3L0 oJL^ Ljbl3^1 J-Moaj 4 jj 3 lalll CjliLuib bl 3 _^jz-^ db^j-o Col 5 gj^3J 
^j 2 SLo «iLJ 31 ) djljil) CjIS Cjb)3ij?J) ^3 0^3^33^^ bliaJi CJl 5 . j’O3L&30u3ll 
.dJLoJl OJu^ C)bl3J?Jl ^ 5 i 3 :> 3 t)l jQj j-o (jojbaiJl^ ^JlszJI^ 3 ^btJ jlS^I 
^1^5 (Allan Wilson 03**bj3 o^~\ ^3^1 (1967 ^UJl ^ 

L3b)u^-i-url ^ LjI>J>dL)L^. x.mxJI d.o_<3 \^incont Sarich L.^3^3 ^^jo9I 

C* 5 z 33 (^jJl j-ojJl jJA^j ^ baji LjlJuIjU-£^l ^ljk 3 tlt«l ji-^ djl LqJ:j 515 tCjls^bzJl 
^b(» Jjxszj jl ji-^ j3uJj5 -ijJ3blJl C) 1 Jj ?-91 d *3 

djli^ . 5 bc>J) CuJzJlJ djibzltil CjLo 3 L 5 Z^) j-OjriS djj3]aj 

IjjIj d_i«a 3 ) dljlSwO j 3 «Jj 5 £ju*uxpJl 3 ity^bJl j^ ^ jlbjvu) jabao^b 
ij\jS Ljb^b U-bz-o biul jlS" .J 3 lalll Ljbylji C) 9 -Jj?tlll 3 

^jJiij djsljiJb CI33JI jjs Carl Woese 333 Jjb^ jSbxi) ^ Ujj^ .bJb^ bbb ljJal305 
iJSjo 3 Roger Y. Stanier Memorial Lecture j^b*« ^sb j^3J 5 j<>b?uo 
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qnll uUuLill uij uUU^I 

j-o ^3-> j-o J^l 452j1j SjvbL^t* 

(joszj Lailiws lj 1 Jl*IjU-<-uJ 1 3 j-Q -^1 ^jllll jlS" 

J-o^l j^- 03 ^l jo 5 j-j 3 -fi >5 (LjjiLpws LlJ^jJ jll^l AiJ 

jlic^l U 5 (CjIjI^^I ^Pi-gA cUi 3 5 j^ 3 tserum albumin 

Oblptloi^ J^loi) Jl5J .i^JijjS^\ 4.L*4J.*4J ioiljjJ ioJlios ifijjis 

.primates OLuJjJl ^ - 4^1 CjLjISJI ^ ^litl 

31^^ 4j^1 4 ^uyi Li53^1 LJI53 ^antibodies S^jUitl JSLJ^ 

L-iJ3,^dJ 4 jI^X 4 ^I x>h ^_^LUil 

IJl^ JaLoj^l dJowil) ^ 3 -Sj id^Ju LJ 5 jSl^l j-o d_^MJl CjL^l^iil ^ 

.d.*«_ttj lj 5 j^-<-L 1 J.^ 3 )-° f 5 ?^ '■^ ic-LUil 3 ^ 5 jJ 1 

OiLatl ^Luj:>yi JSJIJj .CjW 3 ^yi SjJ3 3 )-® alajljJl SjAiJl 

«LJ>iLj Jx-Laijw LojI 14^5 2-® 0[y3J>^ 4 jlcti*yl 

Jf-Loill jb liUi j 3 -**dj 5 Jif- .4L0JI d_ 5 .J 5 LjlU^jJl j-o ILLio Jil 

Ljls^il^^U LajL-O-o L-A^tJ (L-oS^ 1 ..il iQ OV^3j^ d'iLjL^l 

^ ft 

i^^-rcuxiA 3)3'**'*^3 ^i^‘ (^bJlj3 (a_ijLuo^) L^.^.roL^.^1 ^JxucLmj ^ 

L 7^^3 (4x^ 5 ioj jlo ^ljLE»tl«»lj 4iili^il CjLauJjJI 3 )-o ^ 51^1 J-«ai)l ljLLuo^J^ 
j-0 SUlo 4xL^ C)Ii^ 3JL L-Jb^l Ail .complement fixation io-oitl 

ft ft ^ 6 ^ ^ 

LjLloo^dl Ao (4 j:^1jJ1 aIpLoj jAi-l 5 t4jiIlit-o CjLxxJj 

index of 3)->blIl jCu^ 4 xift b-o 3 j 4 e>Ao U-o Slilo 4xl«a-0 

l35jjz-o 0^ b> g-o - j^ A> Jj - LjljAi^l cJjb CJisl^j J33 .dissimilarity (ID) 

.OLauJjJI CjIsMszJI qs- JjszjjJL) 

3 Jaz-o ^1a3CLa»1 (J^-C Ja :AA> Jl3-«» 4 ji)Lljl j3-**dj5 

LjljilaJl 05A?- JJI5J Jj2s ?OLu_OjJ 1 (j-o-o tijj^laj ^Lu 5 

(Jj !4Li)Juo i>jA IAzxIaauo Ija 5 JuJ 4j1JlJ1 ^ "JALoSJ! Ai Lc CoIj 

o^-l ^l^gj AzJAo Olj-i Ji^o Jac Lcj (jS-tto CjA?tJ LjljilaJl jl 

» 

Azj 3li*3 j -0 cilS^ -iAf- joctS lit tLoLac^-l JL^^l L^Ltaljl _^ 3 J AjI^JLszJI 

IxjLu^LaS Lu^LujI (JAzx 


81 












rUjJAll 


j-o^l d_i_LxpJl ic-LuJl L-olS lil 03'**'^^3 

^jULa LSliLyl J-® 5 jJk£?sltl 5 4I0JI 4 iJ 5 CjLioJjJI j-o jb j-o^l Jlp tiiUjJ 

6 ft ft ft 

OljLu-o 1552^1 clsI^Lui^I (^jJ (ID)d.*u_ttj ^jjLiIl 05^ jl 

SijS) Ceboidea bjj^-u-oJ) ^yA jaILo-o jb^i*-) ojLii*-) ^3 •J^bjJl ^j^LocLo 4jj^Jaj 
Cercopithecoidea C)l^5:)jUl5 ^Hominoidea 01^13^15 ((jjj^I ^Lsdl 

(j-0 1 ^ 5 Zj-<XP- CJjJlEO JjLI .aLoJl CjLu-OjJI ^j-0 ((^JlQJI ^bzJl 

lemurs j3-ci^l ;^1 Prosimii S:)j_^l l 3^L«I ;yi)5 CjLuJjJI 

05SJ jl .tarsiers ,^050^1 bush babies 5PliU!Jl5 lorises C)l^j3JJl5 
ala^ jo5 d.S_o^l 4 l«aJl Ljli CjLujJjJI ^Lu^l 

.Jb?Jl ^y2s OJji) jl CcO jjJ “ia^LtJjs L^lo £tJ^5jJl ColS" J-ib jSJ .L^.t«_aj 

^LszJl Siji5 ^JlSJI ^LszJl jo JD jjLlIl 5I td_i_L05jJl 35 j-^I ColS 

9.0 ^_yi) (galago (O^jill jliidsl j^-tu-b^ Jli-o j-o (LjL*yljyi3 jjJj?J 1 

( 4 jj^lalll ^LuJl jl (Jl SjLii^ W \jJjS g.oj:^ ‘(Jl5^l 10.85 11.35 

Ojj-cillil Js^laidl CJji) (J ^jvuJb jouJ (illcdl ojjl) (J 


Apes 



ju.0 ^ OLm^jJI ^Lmi j9l 4 .oJi3umiI ^jJI Jaisa^l :(7) J^i^l 

jjiu OCij^l oUmiI ijjo (^JloJI ^l&ll OCiji dUiS^ (OCijiUI^ (JuJk:^l ^Ia^I OCijd Oj5laj JlOS 

ijjd jl Ju ^ (Colj J.oa 2 dwij^ ^LmJI Cijl5 ISI .Jf-Llll 

Ogcij Lo O^Lm)I ^jJ 4.>hA> ^LjJI bwi^LlI^ ^^^m.ijL*ip‘JI 
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qnll uUuLill u^j 


Ii^LoLm>I ''^3 <xszj 

^JLu> 30 ''^ ^1 ^1 dj.jwJl,^^l 

^0-3 Cjj^lil cSjjLszXI fijjJs ^IjL^cLutL) -l^j^^t CjL^cJjJI jjl i^^jJsl 
^jAl) ^ £JoJlE>J 1 ^LszJl jj| iwJ_MxjJl tjl ^JJLJJJ tj^-twJj3 

. Jn.Q3 dj_t4t 10 JJ_a ^1 

^3-0-0 iiLsU dj J-o^ssJ (^^1 ijj^Jalll if-LuJl dUS j-o 

3)-o 3)-'0-o d_£SLjLoljJi LbLlj^ ^jLuJ^ OLu-UjJl 

ft ^ ^ ft 

.L>Lqj ^1 LjLs cJLo^ iL.*3!jo i?uJLLll OJLtb jl 3)-o 

ObjlSJl jo ljuS l^£?!u£>t«aj J-j-a»3 Olj-oiaJl L^ O Jlpsj (__^1 O^JlssXI ^_Qh>^ 

£L^Lpuj?iyia33 Olj-iJaJI ojji> OJlpo jl jSL^* C3b3j5m,l j^i5sj dJL?- ^ .d_cPiJl 

(ijj 3^1 iJ 3 JlJ 3^1 8j3^l3 Jlitl J-'-^ .dJLj 3 JI iiljJiJl CjIS L^A-gj jo 


malolactic (J^^1J3JU1 1 L :3 ,^1 Oenococcus oeni 

(jiLoj> Jl 1^1 J J.^£^3JjSjl JLj dUUl £fermentation 

(ijJ3^1 io3iJ3^1 3j3SLtl .d_*.*<a-co> Js^l J_t_£uS3JjSbIl ^3JiL>l dLlSMJl 

ljl3^1 j3Ji3J jjjJl jojS^l L^Ix)3-cj^ cLbl j-o jdSo iJbaB Jsl (^33-00 OljAlaJl 
olJL*ljLs£_at j3Jalj ljk^jb3 .03^1^,! J-Lpta Jl 03^1X1 JJ3P0 Jio £iocjjbl Jsl 


.^j^l 5 j 03 J L^ I jooj?tlJl J^££> 13^ bjdi^-tJl 


>!<>!<>!<>!« 


^3 £ 4 j 1 j 01 jLto d.c^-0 SjjJkp- OLo 3 l 5 s-o j03lP3,<i_£3Jl ^ dj^cO ^JlSj ^ 

4 jLp-^ OJjJkP- iojjiaj bj'i33 £liU 3 ^1 J-o^l jua3JI J3 p- j3-t£Jj3 


ft ft ft 

dj?- 3 l JjJlPO J3t:> j-o .djj?Jl OIJjISJI jo OlB^bzJl LP- 3 J 3 OI dil*yl ^&j5sI jft 

jJ3^^ j^l b^j'>^ £d_i,pJl lObjl^Jl L^S^bti-O d_i_M^L££^^l d_oL_0-£S3jl djbtuJl 
^^ 133 ! j -0 OJilJ iib 3 ipJl Objl^l jo ibljB '^ 3 ^ 3 ^ jOJl j-o jJlQj ^j>i^l 

JozjJLuj) j 3 ii)jJl 3 Obj^-£*Jl 3 i) 33 lJl jpU^yi 3 OII 033 JI - l^-t«_£Lj 4 J 336 JI Ollij:^! 
£^ 3 I (Lp- Libbjoiftl si.l 3 *u £L-fiJ^szlll 1 jji) jjs OLy 3 jOJl L^j-cu*o (^^1 4 j 3 lp-lilJl ObL5Jl 
2-®3 ■(i3^3'‘^l U-^-^ Jb-*^ bi)j3laJ3 £0j-ciLo ^4^3 ‘boO (j^3 

.l^uOLi ^^ 3^1 silj^^l j-o Olljjj^l fijji) ^Ooj £ 1 Jlp- d_Li9 OUllil*yl 
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cUj^AII 

J 5 5I CjIJjISLII (j-o tLjllo5jJl 

iljLftI dibji) .(jJ(J^opj) ^Js■ djlsl L^li J-’ 4 .<.lc 0 yi 

3 ^h^ri L^l jjs ^jJl J-C-i . 4 illi^il lj11o5jJ 1 ^ djJ_uoyi ^3-o 4 illiws 

.L|l>i L^-tuJlj ^_yi) O3SJ iu-uo^l (j-o CjLlJJI jU CjLuJjJ 

;J ju 5 JSLio jjLij CjUjISJI ^ DNA UjJI lAIIij 

c(G) ‘(A) Qji ^jrutoo (jji 

.(T) j'-s'lill^ ((C) I3 

gi«aj :C)lj^SLtI ^ (JjLliIl g-o ^Uji^I ^3-o £i*u_aj Ja-ojJI RNA UjJI 

((C) I3 ((G) ((A) ^j-o (itpJl CjUjISJI ^^(-0-!^ 

.UjJI j (T) (U) J:^b 5 :JIi 

iUIj^I 5 j.L<itU dijfuitjjl ^Ijlc^Iui^I ^jb (ixpJl CjUjISJI jo ^.03^1 (ijLijJl 05^ ^ 
CjLUISJI ^ l^.*«_!ij 4 j!jjiaJU OLlo^jJI g-l^n-i ioliJl OU-cU^l l-aISo :l^_u*_aj 
C A I ' T J)^ (j^j'^-a) (JliXI -L-J-wJj'i ^-t.pJI 

jilojpJI ^j-o ‘ULsjpJ ^^^I (itliJI Lllse-o Llo?- JjLs' i^JJI UjJI 

CJl 5 )S1 tsff- .>UijJ) OUj-UsII 1^3 <i^uja ^jU^l j^3jUI {3 

L^Ii C)U-(lsiJI oJois 1^13^ 3! iuLj 3! (io03jy^ dt-Lkll 
Jutjj^l .L^LoSU SLcxil ^-0 (tA LjiiiSo <L^Lm\ CjUjlco dILji> Jljj^ 

4 ^LiJ-o L_ijlJj3 L^ ^_^l CjLU3jJ 1 Jio tCjLL*J3jJl joizj iuilj'^ 
jj-0 ij j|U3lP3-cu^l J^3-) J.o?J1 CjLUI^I 1^ 

j^3lp3-o^l i^b^ . pho^ j-oj^yi fijJl Oli OLjjjJl ij t 4 o?Jl CjLjI^I 
C)Ul3.o?Jl jj-0 j*(-J j) 5 U 3 £^3j^AI 1 i 3 .o. 5 Jl Oli C)Ul3.o?Jl jj-o LjjIj^ Ujjjo jl 
djljill 4^3U UjjAj jl J-kaJsl ju33.J^ j^^ ^ C)U3 jSL]s1 3! C)IjLjJ13 

j-0 2 ^ 33^1 135^ Jl*I 3 U-*-«i ic>-L?- dlLlJJs jl j-0 .CjL*t_JijJl ju 

ft ft 

-J-^iSt 3^^ SLcjl 5 jj?c.£i jUaf-l 

JLP-3J IJIaS ij03l£-3,<s_(3JI j-0 g.a'3! ijliaj C)1J-(J3 jJI j-o JoJlsJI ^35^ 

jj3 (Lojij 4^1 oLUlSj) 3 cytochrome c ^ ^^ww-fij-Jl jo 3 j 3 I 

Walter 3JI3 j-o j 5 ^-LL^JjI 1967 ^LsJl ^ .ajIjJLU ljiiq.o 5 IJ^ 3 -! 
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qnll uUuLill u^j uUU^I 

^3 Emmanuel Margoliash oiU 5 £^jLo Jj5jU‘ 13 Fitch 

J.^*oLuJ 6j^.*t_Lo OLo^lss-o ^IJkiCLuib Lc>- UjIS^ ju djIjJLU - 

^jJI Jx- (SI^l djSuSis^' C)Uj 15 ColS^ 

Saccharomyces d^vS-uJI) ^U^Jl j-o CJl5 j! j-o 

bjls dJi Jl 5!J3 .(Neurospora cL^^osJ!) ((Candida OLa^I^ 

.d_LL55-o jSl^-o ii_Loo^I ^3 C)lj\^I CilU^jJI fiJol) ju 

^ dJlH) CjJupcj j! ijl5 ttcuiLoi^I ^js- IiiJu?- ^ 

CjUjISJI Lo^j Ibdi^ (JbJb^ cj^A (Jj (jixoj?- 

Lo i3t?^ 3^^ CcQjlJaj Ljj oJjis ^IJiCLuib^ .d_(j?JI 

^j-o SjoJui jA-ojdl Oj 15 OUa£>-^l ^j-o J^zJjJb Is^j-st/a jl5 

OlJuijU-t_**Jl j3Jij ;jlJ^ 4 puj> CjLuiIjjJI DJjis OJo! iSj^^ -J^-^idl 

.SLcdJ i^j^ialll ^jllLI 

tiwioJI ^3 jiiLJ^jLo^ j-o S?'^^ silj^l j-o i^J ^3 

d_LolS^ bj^ ^j! ^ Lo'S^ tb^u! bj^S^ ^J*'-d Iaj^ oi^ 

• SLpJ) Ols^bJ) ^j-0 


Ribosomes OLo^^^ujJI 

ioj^UI ObUaltb jl ^jSbc OlJLCbU_t_uJl ^j-o IJlp- 4£-^.o.:^ dlbjis 

Lc41 ACL^Lo-^-mJ) (3l ^3^ .t^J-ASb Sb.pJ) *>w)liL«J) 

(liUi (J| asUb^b .a_tc>JI ObjlSdl ;3 1^-***-^^ <5*^^ ob 

l^LlJ Jb.M«_LMij ^ d_(S L^ l^J 1 ^lcjLo'.lauJI (3l 

j\S liJLC- jwj j! ojpt) U5^ ‘;3J3l i)Iji (JI i33j-^I j\Aj :dJ ib^SLLI cLlJI 

JlJjU.a^) )jL(i> JJoo .i>lsJJ Ols^lpt/a ju (Jj ^j-o 

bjJI^ CilljJ^jdl ^j-o 4jf^3 Jj t 

b^I Cibjy:^ j J^I^ill ijS^ -Lojl^ 41^ jL^i-gj Ji^ J .ribosome 
.OLtu^jd! ^ 4_cLu5jI iJI^Lo dyUij t^jJl <LmJ6 i^j^ialll ^jllU jl 

. ACL) Lo-«-u) b^ls cbA))^ 0^3 J^A 
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rUj^AII 

Jk) ^ ^^^monomers 01^-0533X1 ^1510 C 6 \S lij 

C-cjS i^jJl ^5-UI C)Lo5_a)5^jJI j! j 5^^1 i5j5-klJI JOuj 

5e5LoXl3 L5'-5J5 -o jLuO^l OlS OU-*-***:^) 01-05^5^jJ) .OLo5l52X) djls^ 

a > 

i55locj dUjJ5 (C)b.o5jJI gOaj bliUJI .C)b.iJ5jJI gOaj i^.t35 (C)Lo5isXb 

J-t^ .b^UJI (josu JiiSb5 .C)Lo5*«5Uj d_L?JI CjUjISJI 
^ ljb5-^ -XJlf- cl-Li^ L»>cuiJ>^ ^-05^5-^^ 0^ c;XbXI 

JJLo ^ 3 ^ idS'jujj C)b.J5jJl (3X3o (JbJb5 d_Jl5A 4iu 

l^l .(^U.1 3 45) 4_cliJ) 4il5 (JU^I L_i-«aj y ?6 OLo5**f5^jJ) J5bio c4_cLiJ) CJjb 
.^5jf6J^l Ojpo L-ujjptXI Qj^ho (53-^^ ^ 

L^j 5 (bjuSbJl jU dUJJ5 (d_tIiJI (Jj dj_ujJb djLlSkJI dJiiisb C)Lo5_ai5UjJl5 

^3 bis5-€‘ .C)Lo5^5UjJ1 0 ° ^1 ^ " Xa.^ - bl)j5JL) bMiJl 

J-Js i^JlP {S 3 ^ ^ 3 ^ JJl 55 -o (55*« ^ b5JL^‘ Ja-ai5 

.bJaj Jui! 6JO5J bi)5-€‘ (Jj k<3bijl C)Lo5-ai5Uj g3jj> dilSo Oil ^15 tC)Lo5*«5^jJI 
.iOLo 5~*^3^-^^ ^' b^L^I 6-Lf& ^LoJLu) 5'^-*-^^ J^**’5 J 3'^'^ Lo-LlP 

C)L05jJI ( 5^13^ dj_u)L«^l 3b5L?Jl 0151^^1 DJjis ObijS^I j! j^ui^jX*! 
bJbJ) oL*f)jjJ) <iJ5 J Ca 3 j^ JlcJ . 4 _cL^) JLj?- J^U'- c5j\,i^ SjCs jj-o 

& ft 

juilluf .^15 y>^j l^^^Lc- ^^b55 Lo ^1 j! J^3 tl^lco-uo 

^JaJJ 05^! j-° (Ji^l J ^3^j Roger Y. Stanier 

.l^Xc- Jjxsu ;3J^j Oli-Lko CJlS^ 

Jlszj b^UX) ObniixLuoo J ijb5jJ)5 bjJ) JSLui 43j.5z^ lS5sJ!f jObLui jl5 
7 5£>63) iftjvwJ) jibXiOo ^jXaJ) iujXl i>5i3Xl illjl 

fLbbjj-oJI cL-o_iSJl J ijuUu ijujboc^l 5 A£-Lu- 6' jbsl**il JlqJ .( 4i*3jJI J ^33*^ l 3^I 
^3JJJJ1 Arthur Pardee i^^jb jjjT 5 Howard Schachman jUObi. Uj^ 
Bb! 14^3 jlS^ ^^3JLQJI (J-X?!^I i^jSjXI ‘ijab ^IjupsIuiI U-^ 52^5 J jlS^ 

ya J5 j-o 6jj.oJLo 3 Lj?uj> J jujllui jl5 .g^l3 jUaj (J^ 6^1510 aJajbb 

.[^w^jfUl] .C)l 05 :?' 3 il (^) 
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qnll uUuLill u^j uUU^I 


^j-o (CiLiaill CjJu?-! dllJoT C-Jl5 t4J^I CJl5 il^I 

jl^s! OLij ^j-o (43ii O^Lj LJL^ 


Li-AiS”! J3 jlS” .Jj^j 3jliJl Theodor Svedberg 

jl ^.JlS ^&i 5 SJ JlqJ .l^_udl :^3 - CjLLo^j^ |jCLt_uiLai! 

(C)U^3jdI ^j-o ij'JE-o ^j-o ois CjU^^jJI j5So 

({^Lo>-uiLw cj^Ajbcu’ i^tAf-Lux^ (3^ .^>waAj js^\ 3^3^^ ^ (dbils) 3 ^. 4 ^ 

-joj-LI ^JlSj J-^133 (,3^LqJ 1 3^?" >*5^^ C)Lol^-aiI jJ 

dljLi^ Jlpt/a ;3 bs-o^ jb^ c;^.ijb ^jl cj^-V) Lo! 

I^-uu|^3 ((5'ijb jjjT cU-ui! ^j-o d_!iL*Lo) 4*31 (PaJaMo) «^1 j:^1j» 

(_>oL.yi (^1 (Jacques Monod ^^3 (Francois Jacob 0551:^ 

.C)Ur3^3I 3-® ^«hri d_tA*Sd Lus-^jd 

U ultracentrifuge ^.>biJb jjiJl jl^ j^Jj 

6^3 Oj-o lAI! 130 Jo_p dJiiSUsI (^5 ^ CjLLlsJI ^Lai^3 

stU.) j^ J^io OLo^^^^jJl Jioo OU-i-u*j?- J.52j?J ^_5.ttSb Lc ^5^ tiuSbjJ) 
(^LqJI i^'ijb^ jUJuLi ji^ o^3c J^ -jI^jJI i^jSjJsI ^3^^ ^3 

djT BjLp jl5 dj3 Ju?- (Jj C)U-ctuj:^I JSbii^ JaJupiJ ^3-o 

ySjSOJ OU-c***-J^l Jl^lS) Jj.52-0 isoboO djSLc iSj^ 3^-^^ (^3-*-b^ 

i^Js- C*xo-ut S» S value Idj^ Jjlss-o j*iUj oJl^ 

aiiSd {_^3 (j^biLLI t^jiajJl j*iLa)3I ^^3 t^'3J^3 (3^?31 

JlliSl C)>ilj l^ISbii lilj^ dJhSJl C*5t3jjl U-IS^ .l^ISbii^ 5jvsj<aJl cLJu3I 

.«S tt<xjdl» C)>il33 ‘(53^j-tl '^>biJI ^3-QJ iiUcLuil 

(^liJl ijJaJb 3j-^^ oMoq 3 f 3I jujILw 


^3^3^*-‘-«dl ^ :ol3-dl idljj b^UdJ dj_L?-ljJl d_cLJl J^5>- J:i*-««.u 

^■if-jwJl yijiSKlQ (^3^y=’^ >ijiaJI dJa_ufI^ iujil C)bj3^^ '^^31 

JJaj bjJl jl - idLccuSdl O^UjxlIl J3l:> j-® " ub^b jujlltw jl5 

3 ^ 3 LooCMri.^ 3^-^ ^ ^3^3^ b^ ^ ^ A.& 3 ^ 3~^ ' ^ ^ buj 

3^-^ t^^liJl iJ 3-5^b ^wctujJ Jl^ 5333 ^^ ^J3^ i3 
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rUj^AII 

UjJl ijilszj jl5 tj 

Ijr^ 3I Li5>-LQ-o 4 jIS JlP- 3 1'^ .C)U-t-«xp- J5Lui t^Js- 

^ ft ft 

I^U-b ^j-o dJ_Lft J^nApJJ tbj^lSLJl ^j-o jiaJ3tl*u-o J-!^l t3-o 
(j^ idj^52jinJI dAlb djpJLss-o jJl j-o^I tb^LpJI ^3-o ^ ^ t(jj-Qj^b^li_uJI 

^y£■ L£bji_tu5b ^j^LgJsI j-o dUi g-03 .dj^LaJl Sjjjui iijC^LJl LjMpJI jIjJl:^ 

tdjliSUsl :dj_wjl£Jl Olc^Jlszisl ijA ip^iI-0 i3?J^ 

JLcib plo^vol L§jiaj_^5zlj 3I tlli-o^^l J^ dii<il5 ^3^?JaJl3 

tl^bJl iiiJukaJl jljUil ioJuO jl ^3-o liis jl5 .3L^ ^ ^3-®-9 

tjjlbl t3-o bUiL<i (3-*j-^ J3 IjMi'Jl j\mS 3 ^y^ 

t'Lx-LiixoI CiLiLij ^3x• 5 jLp Oj 15 ^liJI >ijiaJLj jj-iJl ill ;J Cjj^i-u-I 

-j^l ^ ^bJI i^ilssJI ^liai?JI 

ji J-iotill (535^1 ijiaJl ill Jx- S 4.0^ 

LJlIli^ya 3)-o CjUj-«*j:^1 3)-o J^is2-o OLnii^^LuJsI ^ .dU35 ^ JLpJI 

CjLpJLsUsI JbSLQj JSbijJsI ^liipJl oljj jl cjil ^5^ U^ cJlSLi^b 

iLis (LwuL:?^ CulS^ (dU3 3)-® -‘tt-uiLoJl £1 *SLjIS^I 

CjU^SLo L^! j^I dljJj 41x55-0 Cili^ (JoJuPi^I 6Jus> CjU-axuj:^ j-® 

OU-t-tuJi^I dJuJs (^LqJI '^ji^Jl ill .(CjLo^^jU SiJLSsLo itP^ 

b^b \^?da ^JS3 ^ (Jlllb^ (bMiJl 4ijjJaJl ^y£■ jialll 

•Lfi-cuoo SjxaJLo ij^L> - j 3 -)i CblS” .4J3J) juaJuJ 

bj\I^_tJI ^.xO.^ L-olS^ I3| j\xjljLu) Jt^buJ 

^_ylJ) OJjfc ^_Js■ l^‘g_xoj>- .bj^^SLJ) 3)-® ^^5^^ 4.55xx<.t 3 Cxco dLljJ^ 

CxJb ^ .455 xxuJI ^ 15)^1 j-® ^ 4t«_dj CulS^ 

dUi) 4iSJ bjuSbJl jl i)j\lSb ^l5j! jg-*-**’ ^3 

Lt^-S CiLixi?- b^U^ ;j C-*jpij JlqJ ’Jd.iijJl CjUjISJI -^ 3^ 

l^lSJ ci^L*J-0 OU-*-u*J> ;^^Lp L^l J^5S t(i>^5&:^) ftlj^SLuJl) 3>Jjb3J) SjLOJ?- 

lilb 3)-o libis jy I CiLixip- ^ C)Lo^_a)^^jJI j! j^I ^o-bu) liLls jo! 

bj\l5LJ) (jr^^^J^-tJ) j^sUalJ) 3 
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qnll uUuLiJI uju uUU^I 


microsomes oltb j! LoU I5jj^ 0 ^ 

^l5 i3 l-(isL| C)lj^^_i>l cLisLy-afl U5^ ((Sjvi-koJl ^Lui?-^1) 

LM 3 JI oJuis J5 liU ^3^ L^ jt ij-o Jo ^ £^ 03 ^^! 

OLpc-^-cJIj ^^l dojJ ^ t3L«^^l C)li C>JJb Qji JiljLC-l 

(jLto 

LoUoJb) Sj\it) OU-*.uo?J) OJofc OjJlo?-) Lo jL&j^ ^^33 ^^3?'3 --*-***J 

jo3jJ) 3)-o ‘t>3L*Joo (jA L-iJllJ L^! d_oLjx3j) O^LL?cll) .bs^b Lual^- 

IjjJI ^ £OLi*-t*uxcJ fCiS^l liU j ^3 .j^! 6 j\j?o 5 L^Jolpo U-0 fUjJb 

jJ^ djSJ j^\ J3^ ?UjlL 1 lALuf jlS” Jj 4 > 

.1^ ^&-uiI Jx- «4j^^sj<aJl OU-t-uO^I>> OJois CaIwOo- £ju<a3 Ca 3^ j Josj 

ribonucleoprotein t^jJI ^35iJI j^3jJl C)U;£.**o^ S^Jj £1958 ^LsJl J 

£Richard B. Roberts cL^\£- Jljjliil CJlS” 

Lj?-^^jSo3 cbjj_iJl £l<^-o C)Uj1)Lw-o ^J 3 OL«a*aitlIl JJlrLo io 9 x 

j! idM-tSiss}] Lp-^^^b cL-o-iSJb 'ic>!j_u)^I 

^Luj;^! 3! ^5:^3 (J| juio 3^ £1 Juj:^ bij<aj j! 3JuJ .«Co 103-013^jJI» 

JlQJ .«4on:^j-0 ^_y5j-a)3A -9 ‘ J* 0 >) 3 J JlS U53 £^11 j Jx 039 x 3 .IjjJI j-O 

4.o-u)lj jAibJl 

C^jLiS (^^1 ^3^1 LOjUxlI! Co^l ? CoLo3_a(3^jJJ i)3lc»tJI d.Q-ii53JI Lo (j5Ll3 
Paul liLciSLuolj -1^ J30 J-^ 1954 ^Lsdl CoLo3^3^jJLI d.oLxo?tJI dxJ53JI 

^3^1 cLo^l ^ io^l CoUo&L«^l 3)^ joJlsJ! ^5JJI C. Zamecnik 
^3-0130) d_j_ool LbU-p-I LsLoI Jl 5J .E. B. Keller j-LS^ ■i3l 'w*jL> ^J| £tw*JaJb 
3)-o ^j-L! iaXlc>-l .duuj^ iJSbtjJ C-CLcdo du 3 \^^ dj?c^I J| LxLssJuj 
Ls2j 0 ^Lit! d_CLoo91 |ji>U-i>91 ^o-li3 ^Jx d.*-JLuJ! diAs^l OjJ^^ ^53lc»tJ! ^LLaod! 
3Jij3 cAssJUxi CoL^3jJ ^Llj 9 |j<b-o-c>tJ! £j-a(9^ i3 

CoLlo3jJI L)1 i 5 l Jlob £^115 3yo . 4 jI 5 Jloo ^0-^ L 3 Lij 5 l 

lxo>-9 9| J*nQ*1 9 b^b ‘‘^^3-^3^iilJuJ! i3 dJajjjjo 0^3 LijJlo- ip3l«aJ5! 

.^j_L! i3 0jO>- 
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cUj^AII 

CJoojl jJ jl (Jj tjLo^^ Ujb3 <-j^S ^.^JLuSLooIj ^j-o J5 

^j-o CiiilajI (J«ol5 iju3 ^ ^ LoJl 1£- ^ .OLo^^jJI Jx- Us-o 

^ ft ^ C ft 

^3^ 3I 4.«alt) OLo^^jJ) j! U-^>?53 l^-af!j 

s » 

ii^SUjI 4 jj?J 1 CjUjISJI -CjLLo^jJI g.L«:Li ^^1 J.^^1 

jl j-o Jl> Ms iOLo^^j Jx- <LiS>ii] CjUjISUI (l^_u*_aJj 

jMxxj ^ ^ < 1 ■<w ” i?< L^jMJ t 1 ^.i^LiJ) j-A iiw) 1 

^ Jj^iaJl i^j^ialll Jl^is -sIjjpJI CjUjISJI {3 

Ijj! 6 s: 1 j 3 dijo Ldjj:^ IjIiS .hS^^VS (tlOjAb jlj-oJLuib C*5L«ai^ (ijMLMI 

xJLalS) jSL^ )j_coJLo Uj^iaj 

^Lc^tc^-I CjIS LjjJI j-o Ljbjj^ ^Mj j-o LjLo^-ty^^jJl ^-•'■‘^ 05^^ 

CjlsMli*'M) (ja5zj dlLui) .LfiJipus L_uJ_ 3 jJ Idj jif’ jA-fcuAi>' j-o j^l M-diS t5j\^3 4ia^^lo3 

LjLj^SLo U^ ioLp- tLjLo^- 4 «^^jJJ 4 jJJjJ ^1 djJ_Jl ^ d_iJ?Jl LjljjlSJl jo 

bjuSLJl CjLo_^^j j^Sb .8.iL-aJ) J^ls Jx OlsMi:?'^) oJjb h5<</i .UjJ) 
(dUi ^5 .(80S) (^3^-11 OL_5_i_a£?- ^ dlij j-o Lo Js*- (Jl jSL>a\ (70S) ^jjll52Jl5 

io jB l^l ^3 ^35^1 Jxl^xJl CjUI^Lo djLto jU t(3jU« US' 

.SLpJI tj,^ Lxl*u 4jl (jbJlQ-Ll j-03 tdljui-o Lxlwi J dljLtJj^ 4l«aJl 

JbJb^ ^jbJl d.o.c>jO (^LuiMI JajdJL) CjLo^-ui^jJjJI j! d5^1 j-o 

bjj:^ C-(-*«jJ CjLo^-ui^jJjJI j5J -I4JU d_tc>Jl ObjlSbl ^j-ojPtS :4 j 1 j ^1 iILu-0 

CjLIjj.^ 4 jMj (Jx ^3-013.03 J 5 i^3lc>o biip-M U5^ -1-ft-^ 4x3-0.:^ Jo JJLP-I3 Ij3j^ 
j-o ^! .diJiiot) 4xpJ) OLulSLl) J Lfi-Lxioo b-*J3^ jbl-l Jl jou*-o3-3 UjJ) j-o diJiioo 
M 'jJuKaS! 633^0; (5j3iilll ^jllLI 4_t_uiL«Ml C)Lo3i5s-t>I J^owO 4_djj:^l C)lj3SLtl oJois 
C-Jl5 Jjb j5J (ib3iijl 4 jj?J 1 CjUjISJI Jl3^ ^*^3^3^ C-Jl5 C) 1-03-013.0jJl j! Jo 

UMijl J3-Uj C)Lo3o«3.0jU 6j.Ldt-t>l Ob-o?Jl j-o Jl^oi Jji> '?L^U3Sbo g-osj?- dUj5 

?^jllll IJl^) Ujoio jl JJSU J^3 (I^IjIJo Ju-0 
Lc>-3J3oJ1 j J3^ (JIIoiMI 6 JJi> 4_toSlj-o 4o3 Cjy^ J-ooiS C033JI J 
• SLpJI lX-»03 (Jx LojJlCj 3I 01030*13^jJU J-buj U-3 el3-af cOIjL^MI j-o IjuS^ 
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3 


Li Jl jg^ 

Enter DNA 


(1953 ^LsJl ij 

fr ft 

Joj-ot iwiLi. James Watson 
tLoLft tj-o 

^j -0 j-?'j 3-^3 cdj^LsZ-O^ 


liijj5 jj*o-uJlj3 ^j5> cLoLc- ijoMj 3 ai-of j-ojJl 
^ j-0 9 LLo (Francis Crick 

^UajjJl iL^l ,^3 (Nature « 


(jl^iszj (a-oLszJl ^^LszJJ 
:i)33jJI iw*^jrLll» 

Molecular «iju?t*u 5 'yi ^33^-0 ^3>J1 
Structure of Nucleic Acids: A Structure 
<J ^3 -for Deoxyribose Nucleic Acid 


iuaJil j^l j^So jl sLw^ liLo» 
1^" I Q . I o" dn. , t^^l I l_ ."C " l_h 49^516 
l5jLius 0^^ ji ^ ^cLpJJ 
«?jLaJI jlifjVI Ijji Jia 3 
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rUjJAll 


Lo IjiU ^jJij i3 ^5^ OUjSiLw-o Lo ULp 

.d.*i£?tJI OJdJi g-o dUJ^ j-o^l j5o ^ .i3Ua-*-II LjJ 5^ LoL>JLfiil 

Tom Wood :j 33 cCJ^Il dJi \Sji^ L^jub jl 5 

^ & 

ds>LMj OJo i3 doLp- \^jys>u:i (J| 3-‘^3 £(Bi2 j^-oLldJI ^j-o J^l 

^i-Lc- j\sz 1 m) jL) jJii .Lo joidi g-o SjIj^I djLiJ ddp jlS .d_L^I j-0 

.Jl* 51 i]Ij Lupto (jlS tSjdj 

jdJ ^'Sy^ 0^ '^^3 03-^ b ^J3 C-*-oJ3 

d_t_Q_d ^IjrCsL) 4 .ajLm«j^I (j33"*^b Lt.^^J^.xdl frLtJ 

^3ijJsl j^jlpJb d_oJlJl UjJI <JlS Lq-o 3 tljjJl (Ljo 

ddiJI oI^LoijI JiLij isjo L^ixuuj v-QA3 ciulj^l oLo^lsJjl jddJ 
cLs^LiLo ^j-o d_Loj?JI i3 djjS^ IwaiS^ .l^ijji (J| SLcPtU d_oo5^1jdl 

^LoO^\BI 0^ Lt-t-Lp I Q f 

(jl^^l» ^jJL) .«i*jlj^l SiU)l d-oJt£?to iJl ^3^3 ^J| 33-^1 ^,^^Lp jdxj 

LsJ ip^lj-o l^3J5^1 iilu.t J 6 ] j-0 J^l^ ijL^l specific pairing «:)j^l 
J. B. S. Haldane jjjJLb .j*i| 3^3^ .CjLlc;^ SjojAII dv^^lolb ^3lsCL) 

dj| d_t_u)Lu)^l i^^^ub^lPcJI '0 ^ LoLp dJLu) 

.dJi CjJlpij 0 ^^ <JiS bjJl ijj Oj-^l J^3 •<<1335^ ^Ldbl JS JlIp d_tu_aj 
4.AjLo0-dJI lS lJ-*-'®*^ ^^^ 3^3 03'***^^3 3^^^ i 3 '^^ ( 3 ll 3 ®^b> 

3L0 lS'^I ^3'^3-LI j33-bdl cbz-o bjJJ i)ijAll ia-Jjj (^^1 

33^3) L33L10 j5di j-o jLLa-*^ LoJi> j^'^3dtl j^LIaJI -j^l b3^Ja_wjl 

SapIs <S3^ C)Li^5iJl C)IIj^ 3 deoxyribose 
jA.g'Lill Lo| 3 t(A) Lo| 3 t(C) Loj^ t(G) Lo| 

JlpI^^I JJLc .jAsUaJl 3 ^ J 5 i^Js- ijli_af^ J 5 b J-«alJ 3 «(T) 

0^3^^^ dJra.*o 1^ bz-o jjujjj-bdl jjv^LlaJl d.uooJ3 £ft^53■?dJ ^53^3^^ L-JJI 5^50 
(ijjti jlj3^1 oLlo-p j! dj33^13 .djjS^ 33^13 dix-ojSi! lxJI i3jJ1 
i__jJ 5>3 £d_cLcj>33Ju^l Jajl3jJl ^,^13 b-c*uj cijusz^l ioL-o-dJl Jajl3jJl 

L>5 £C)b33vSLl^l 3^ ^Jj 3 aj^33Ju^ 1 OI3S dS^Lioo ^3^3!^ 3^ JSdllj Jajl33 
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CiljjJl jt ^^JUsl^ ^L-cJJiLulJl iJLocuiJl Jajl^jJl JjszJiJ 

LoUij d_J_c:^3jjL*^l Jajl^jJl cJjJi cLoUf iw-_aiLUsl g-o^l i3 05^ 

dJa^l^ C jA_ai^ljL«Jb G jul^^l Jxl^iil j-o d_LL52-o 

G LiLj T jjue'lilb A ia-pj-> U-Lo 
- bjJl d_c^G ^j5> Ijjb .Jajl3jJl i3^J^ 0^ 

.j^Jalll C)l^ ,hQ'?iJ3 ^JlS 

^-QA3 SLpsJI Oljus JiLipJl (LlLS JI ^JlpJsI 

(L^AJu ^J^ ^3^3-11 j3j-b=^l OL^jJ^l jlo^u'i £^3! .^Jo ^3^3 -IjI j33-b?tJl 

ioMj C)1 ^c.*4Aii) bjJl 3)-® oLlJJI 

ij^ 3 jj^ 0 ^ 3 ^ (nucleoside triphosphates C)Li^ 5 AJl 

d_cb-cy 5 jjl 4 j 3 ^jJ 1 jLC-l^iiJl J03 L^-cLc- 4 j 3^1 SjlC-UJI jo 

£b2-o idllJl Jl^l OJdSi jj*-I i^j-> ^J^3 -^j-Q-Usl 4 ^bJl 

i)3^jJl JlpI^^I ^133! 3^ iJl^I-o L^J-o JS -ij'-?' 30 ^ 33 -^ b^SLo 

U-^J-o JS i^^l£?iJ3 £(jJl^l) ^3'i}Jsl 033 - 1^1 3 ^'^3^3-^^ liilli ibU-tsl 

.LIjJlp- JSLAj ^jALo ^3 ^ 

p p ^ 

OG^lsJjl jl \j\s>-\ C-cJ JS jl 5 £iiljj 53 j^^l3 illio LoJlIp- 
bjJl ij\ ^1 (^_jjo-bzJI U-^£?6lS jLuil .ij3^jJl LsjJlpI^ i 3 j-Q-«**J3 £bjJl i 3 03 ^ 

.eiJjkS i^j^jalil ^jbJl O3S0 jt 

Society of d_ojjj?tiIl <ixs2-oj?- ^G 1 3j-j>L?w3 133 £1958 ^bJl 3 

^3^j-tl cjJLsJl oU -^1 la tib^ £Experimental Biology 
C)LlJ3jJ 1 jSJ £C)LlJ3jJ 1 bjJl bjJl 3 iiyidsl OG^lsUsl J^Lzj 

jL«-l)l Ijjis 3-^ia^ 2^3^ 0^ -bjJl ^J^ CiG^lsd)! Jl*^ jt ^ 
^J^ OG^lszJjl Jiilij jt tiibijS Jlp- .01 JLCbU-^_4uJJ jG^lsJsl 

^33 ^ ^j-® ^ 3 j^* ^ ‘j: 93 J>^' 

jlj^^l CjllJ3jdl3 bjJl j-0 MS jLs £i*jlj^l OG^lsz-oJJ i^'ib^-Ml oLpsjMI 

^MUl (^j-cCCL) £jiJ^ C)L?rlh*^g3 .d_i«_aj bjJl L^Loj?ij ajj^Jaill 

St ■* 

.d_cP-^^^l dJuls^l Sj.xip Jiapjj .OlJu^bU-t-uJl ^J| [sux:>^ 
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rUjJAll 


JlLij JLaijJjl UjJl UjJI i 3 OLo^lsJsl 

SiJLSsltl 

£(lailp jt j-o 'w)jil Lprlh^ox^ «5jn-L'gJI» 

J-O dj b» ijl jJl djjUai i3 lw-l5 -(^3^ £>jLl5>-l liij ^ j5Ll 

What Mad Pursuit; A «,^^-olsJI ^^3 

SjL^tLgJI jb jsJi dit ^-^3! ^Personal View of Scientific Discovery 

.iijJajJl ^j-o «S^3 iijSys j^t» 

(^^13 cbjJJ i*-)^ d_oolid bjJl <Ljo dUjS3 

j^jl bioojJl |3 '^3-^3-151 i)3.*i?Jl dLoCU^l iCjLLcSZJJ^I |3 ^3! 

3?b ^b ^^jJl cjJsJJl^ jl5 .Erwin Chargaff 

.1953 ^bJl i3 i^j 53 03-^13 ^-sbiiiJl j^zj J-wobI 
ijd3S3 cOswald Avery i3j-^l ^^1333^1 J-fijJLtl ^L?cilb IqJJs- 

JoJlco (J Maclyn McCarty JjlSbo ^>J5Lo3 tColinMacLeod :>5^Lo 
cbjCiSLJI ^1331 1 d.j.4j^l d_»_LJ! 5j^L5J! S^Lt! C)jLipb bjJI 

a -^ .. . * - 

yojj i*jlj3J! C)Lo3LszX! jA-'g-llcLa jdL>bJI ^33 jdS3 ^^LcjUj jLo 

bjJJ ^_QA .bjJI ^3^03 g3!3J! i3 oLu:^! ^^3 ^bjJI 

cjiib^if.! ^jjo d£-3Cuo d£-3cj^ ^3 dJuJj l^LpjUij CjLo3iszX! ^^j3o 

^[3^13 ^-o-qJI3 5j>3Jl3 j-oc-J! -AsLs 3U-c>tJl3 (^0313^!! d^^SoJ^^l) bjCzSbJI 
3£>uj C-JjLo .Ijl£>-! 3 IJ535JL0 L3)Lij3 dJjisJuo oL9!ilii*-l ^.sLpjUij «a:?- 3 .0153^13 
(^_^l (T3 G3 C3 A) d_illi>d5l i)33lll JLff-l3ilI duu.MijJ\ CjL-o 5 LI! Ji-lszj 
O bjyptJI ^Jlp jlS .icjlj C*jlS 5 a£>-I 3 d_ooL> ^SLI £3>1 J| ^3 ^3^ bjJI L^JLp 

l^•Af'3 cL^df' ^3^^^^ ^ Cbbjy^dl L^li^ ^3 ^"'*^ LcxSZjO bi^ 

il^LcjUu dLb C*i?s^-ol .T ObjypJI :>js- L|!:> i33b«j A Objyi^l 

.C i33L«j L^I:> G3 tT i33L«j L^b A cbjJI tj 

.Lili-jUu 6A£-LiiJ 3 oL«^1 hpua bj^J ^3'^j-tl j3j-b?Jl d_tJj CCLu! 

(bz-o £l*3Lk> iaJ3 T3 A ju iajl3jJI idJj53 C3 G iju djJ.*j:^3jjL^l iajl3jJI j! (Jj 

fr 

(T JiC-l^id) iJLff- ^3 Luu j! L--^ bjJ) 30 ^JlC- jls 
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li^lljgato 

dlij j-o ^5! JsjuxJ ^ UjJ) <Luj (jyJ .C Jlc-)^^) ^js- G Jlc-)^^) ^Jl^- j! 
iju 5£>tij L^JuiJI 6jjt> t3 -A-T 3I G-C 0^^ jJu^I JojI^jJI 

G“C ^'''^^^ 4 j^.sXI 4 _t_u*_Jl .d_i.^sJl diLol^JI 

^ Plasmodium falciparum a^J^I ^1 tbjliUJJ twc;_u*_tl jjlSdl U:) J 

Streptomyces iLuJ-u*itI ObLAolI b>i5^1 J -^UI J 20 

jls (Lo J^ JI iL^I b>5Ul ju .^UI j 72 tcoelicolor 

753 Micrococcus SjoLtl ^I^j! jo 4 jUI j 25 ju ^ 3 lju Ols^lic^^I 

cLpJ! ^3 6Jlp-^ o-t**jJl oJjis .Mycoplasma ^I 3 j! ^3 dJU,! ;J 

j^ixJls JmoI^5sJ 1 isLii**)! dJliI) ^j-o -ojj-c L^I Jj idLoS^L tiJidl 

dji lJIIco G-C ia->l3j j-o dj^lo dj_ub d_tIi>Jl ^3-1^ ^j-o d^daS 

.jaiLui^I ;J IJois (J| ^ dJuJs dijui j! (^^Lp 3 Ji> 

.(i^j^ialll j-OjJI ij-o bj_ud (3^^ Ga33 3 ) jbLo ijji Cidl:^ l^l Ju ^ 


SL^JJ OL^-aIsj 
♦♦ « 

Writing Instructions for Life 

cL.^^J^..t_iJI 3 d_t_MjLai^l dJ.A_a)^l lJ 3^^ jjCt^LJJ cljjJI d_t_L) dS^^JZ..© 3-^3^ 

j-^-^ cA*5 5jju33^ (L_aiLai^l d.j_Jl jijLpij 3JJ1 Lo :dU5 3 ^ 
Idxj 1^3^ ^ I L) jJ I 3 L_iJ 33-^ 03^^ ^ d_i_ijz.4) d_i_i_oo^ I 

L^dp- 3-liaJ_wj 3^^ tCode SjpJiIl 3® «d.aJ5» JS jt ^-31^1 3® ^(3^1 3^l^l 

j 5 ft ft 

^JlS 3^3 cLLcsz-o LcLooI La-oj?- jl Jo ^ tCodon 03^3 ^^! Ipp-^ 

3I 3 ^J^ I^pLo L^j ^c-23) ^-QA3 £L^3]p L03 cCjUJ^I 

9 

5 LO 1 iJiCL) Lo»>-*31 3 buiO 3 ^^ LO Lo^J.SzJ 9 1 d^bo ^SLvjJi 

9 

3 dj3dl ^Jp L IJO 3 All £ Laid I3 ^^^3^^ Jl^-odl IJJ^ L-xxP"! 

^\P . L) jJ I idij^^S3 (33'*'*^ ^3 La£a51 Ja.Q3 d_Li_L9 lo ^X^zj c L.a3^J I idJ 5 

U-^d5d3 3^111 3^^ d'-^3^ 3^ LPJLptlll ddp- 3® ObL^dl i,Js> 

33^ Uj 1>3 £i)^aodl C.LoOa5dl3 ^S-Lp :d_L?-^^adl d_Llaidl C-b«aJiaa«jd (jALoSbo 

.^xxLgJI Jo3pclll L_AJa 33^ 
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rUjJAll 


Jjico jl5 (I960 ^LsJl i3 ioLocuiJl juM (^Ij^l 
3 jUl *«-0 CjL^llII-yjl (J| ^ 5 -Lp J-O^ .(^^-O-LszJl j^jl dszJj 

^i-Lc- JJI 3 ^_Q (Jim J-o_wj ^Jp .bjjJiLb dlvooiU C)lJii>9-ll j-o 

Jj-t -0 ^ jjIuLp SilCSi3.Il I (^l^^Jl 

d*jj5iU (CjL^I (Jp SjSojJ,!) dJU-c^u^^l (Gregor Mendel 

JJlLo ^ .djL)Jki?Jl i3 jl^Jb dJLbzlJsl dJii> 9 -o 

(L^ljrub JkS 3 Jij .d_Jp 65^0 J3 L^p (Jit djjJ j5o ^3 (L^.(«_aj OLx^l 

(^t (OljoLlIl iJjij L-)L_ait C)L>IiI1(a) 1 jiaiitLail jvSLolIl 0^3 

j-0 9 -»iiLo C-*_**lJ3 ^b^ll jt ApJ .OLx^l 


.Jvj?Jl dlJi (J^ Ll-o-O ji?jr^Aj (jlS 
i^^siiBt ^^^Lp d.xiJaj 9 J JLoo-* 5 dl Jxlptlll J^3-) Jjl^-Ll J 

^3-03-Ll ^-0 j^LJsl J-obslII ^^jLp XsilsLi liOi .(^j-o-bzJI Jojj?tlIl ^j-o L^jJaJl 

Jaiis (^^iSo G Silp| ^ (^3j^l iJLocuiJI dlib^SLo J| d^oSLoj ^\ ((^jlsJsl 

J5 JrLaiI (iolj^JI SjAAJI j-vtt5 ilb?- J .iafljjJl X 3 SjjfcUaJl Ja^l^ll j^LsJl j-o 
(ijAJJl OUJS jP Jlj3 ^JUiS cLoo_(ijl3 (^3 -o-Lp J-o 

JL^j^ <^y 3 

9 

.Jlj^Jl ©5^ bjUJo L*£aj d_Loj^l cLj L 3Li(l59 ij-^-oJsl iwoL^I Ji.^ 

,lo* * tl JiZJlJl J-0 dv^^hlt iL_wjLai91 jul^JLlI JlC »-1 ^_Q (L^LjjJs jp- 
jLk)! ^Jp• L^Ua£?-|3 OLj^jpJI OLpu^J J| jJalll J Ji-oJLtl 



6 j 6 l>^ djjjli (^ bljb dj^xoSlJl C)L.3 j^I C)L?tJ3J jl .Petri dishes 

IJlJ G 5ilp (^^13 (i*jb 3 t 53 JP jp 4i^bJl bjCSLJl j -0 ij3LctI;3 ^ 3 j-o 
^ISbo iJjb Jlszj .SJlp- 13 iijUSb d_Ji^ ^w*x-oj JLP-I 3 i^3y3 

jdSb io 3 PJLO (fr^jbJl 333^-53 J3-^3 l]^^3 03^ JxPtwAj J JJlLo L-)jb?clI 

i^qIoiU j6laill 

G--bjb Jj-d 3 (lib)^ iiJ^l djz^9Jl ipbjJl dJj^l OjSj 


i>j3j-^l3 -d^ ijU(ijj3 (Sydney Brenner joy (Leslie Barnett 

3Jl*j G (Jp dipiiio ^3ji3 Jib J I3I0P ojUI (Richard J. Watts-Tobin 
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Cambridge Cavendish Laboratory (jiuJL;3l5 jUiko ^ 

ijibl (^13 ^jS^ cUniversity 

^(rapid lysing J.Ji?siIl» J1 r rll ^1 

3j 2> gjjwJl .bacteriophage T4 40 ^LsJI ^^^JaSLJl 

^ .L^Lp 3I JoJlpsII ^JlcOuJ 3 SjAlaJI jOf 

(^^1 &J Q lo 11 ijLoCU^l jj*>Lai^l j.P ^LpLjJI dJj^l ^^jJ j5o 

l^jP- jJLI .JIJ.44JI Ijl^ l)-^ 03J3 J_LptiIl 

iijCzSLJl i^jljLIl L-iJa liUjS C)j|0 14313 ^SKi^\ OjO SjAlaJl jl JaiS 
3;u5Jl OLpij^l ^\ (^^1 jOjLiaidl OJjb .iuiLui?tJl 

dj?03JJl Oils 1S| Lo ^^Js- jjui^LiLU Oj?tc-<Ai £d_Ll«aJI dLL) JjULo 

ILiJi jlS .^L^l J^3-dl j-0 CJJI3 ^3Jj-b {j^ 3I rll Sj-ilaJl dj |J^3 j\ 3 j.p d.oJ^lj 
jLli^l |3-*J-^ d_oOj5 jJLl .d_J| Lo JS 

i3 0^ 0-L<ij5l (^^13 tSjAlaJl 3I OL^Lsz-Ll ^3! 

<J^ OLpij^l ^Lci^l 

p p ^ t t 

(JI3 cljjJl icilj dIoQ) djljj Ij^ IjjJl (jl l^oycsl ^3! 

* ft 

Olj3i^^l jl3 tdJaiilll lidj j-0 J^l3 1^ gjllllb Ijjij (OLj3^3iJl) OLoJ^l 

ft ^ ft 

cOLsLuJjl 3I J-ol^AlI d_Ojj^l O^liLtl 1^1 cSj-cO-0 OLo^ I4.L0 J.*AflJ ^ 
iOjiJl isdJI Jl Charlemagne iszjlj OlsLol 0315 

3jlp-13 SjlpIs ^Lo| 3I iiljj t^s^^ldszj 1^3 £i 5 LIj 5 j-o^l jl5 1S| .i)^iSHl 
^Jp .djisLc^ (oLo^lsz-oJJ dOLLUsl) dJi£?-MJl Ol33Ji^5Jl JjscOui iJl^lJsl J 

^^a^^ odj^l 1^1 ^^bca^^ I‘ ^'~^ ^^abc^^ l^LoJ 5 i3>o LLud-o) JLLLI Jo-o) 

SJlpH ^10| 3I illjj <LlLS ij^jSLi ^5-43! LcPbjJl dJj^l cL«apl jOipI .joLl j-o 

ioLoo-*5 S^Lc ioLsJl tb^bz-f JjJLpclIb3 cbjJl iJl^lo J| '6ds>- ^^Js- 5 Jlp -13 
Jaill ij->j-b .proflavin jj\3^3jJl i^^pJo d53jj2-o Sjoho 

^l^jJl J d_LJi3 Jl ^bJl jLii3^l3 LOyi^l ^SLoJl Ocp-3l -OLpij^l J 
^j-o3 £iiiJj5 j-0^1 (jl5 li| .L4 Lo. 52J Ja-ojJl l02i jj'.9^3jdl 14^01 (^^1 SjSUaJI 

jjU52J dUS Jl*^ .(-) illjl ("*") '^bj>| Sj-iis ^.cpt«aj j5-o-Ll 
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djsz-cJaj «^bc» LjijLif'b iJLiIl OUJSJl J5 


OLLci^I ^sJa^z-o ijSJ^ cdlJali^ juj-oJaJI ju (i^zSl^l OUiSUl jt^ JLpJI 

.^L^l ^^3-1-11 j-o j^Lb j\£- L-flJ-a) 3Jl>3 cLjj^ L^Lol Jj-o iiLaJsl 

Lo_tuj jjCLujS jbj-iJaJI C-*-olJiLo Mf-ls ^J3 £«iwQjljJl ^-oL^l j-o» 

d_LL5zJjl ^Lo^l C)lj.iJa j-o SJlp-I^ (ii^Lsz-o l^^Lc-t dUJJ j-o Uj2iLd5 

SiLszI^l j-0 JjszJlJb j^ 3 ^ 3 j^b (+) Lbblf'l 

I35ZJ-0 4 JL)jJaJl .(-) «^jl 3 » SjAla L^LulS^ L_^ljJl 

CjIjjLszIII .LbLlf-l d.L<jg.U 3 «^jJaJl» C)lj.iJa j-o 


^ 53 Jl 5 ZJ (LmJu C-33JI i3 b^;CS!-Jl iiLoj Jl^Ij 

.ifiiliiLxs 0LLJ3J i3 «^jJaJl» CjljAb l^iLc-t (j\iiliiLX3 jjjiLb 

j-o d_LJ^ cLoUf ^JlP rll «^jJaJI» Olj-iJa j-o jwjl 

dJljl jl 1 '^ .L^ljJl ^-oL^I j-o dJ^bai «^jJaJl» OljAb j-o 3 
CiU-iSLIl iLsziuil J3 CiljAla dixail^ d_Lol5 «bca» 

.iolj^Jl SjiJlIl d_Loj^ cLL) lJk^Jis 3 .«abc» £^.cPt«aJl 


j-0 ^jA i3 i*3LaJl ^^JaLUsl jJalll £(ji<jJLl 3 l 5 

dJaQj b)-o IJlJ :iolj3Jl SjAJlIl c-LLj djLijJa Jj?- b)-o £bJ^I^^l 


JlC-I^S OMj b>-® iL*u.L*£t J5 JMc>- b)-o J-CU-U 03 iljjJl ^IjJLol ^^Js- d.I.<jg.x5 


.^^x^Jr^Jl OLoMf- US b)-o (“l^-iS Lfiijbipb 

.obj^ ;j LJ^lSbo li^SJl jb ijdo-bJI ^llll**il dJat_u*jJl C)L«bbjJI JlqJ 

JlpI^jLII qa J5 CuS lij ^\ (Jais SJup-U dJ^^J SJlpIs b)-® 'ij5Sbo Ob^ii^Sbll CoS lij 

jaUj^! ‘Iszjj^ ‘^^5S! i)bS b)S-<i-LI b)-®^ ‘bj''^ tjCo! jixoj?- (35 o?o 

JlpI^CII b)-o ^ 3 J 5^-3 ^ b)S I'^l -JaSs d_cLt-o! 

l^J-0 JS lCJLI) ^bcpt^) b?-33 16 dlbjb b)^ lb bj^t^ b>^^“®-*^ £d_Lozj ;^jj-t-o! (ja-oj?- 
JlpI^b lUv'i liLIjJ^ .Lco! Lbnup- 20 bjtozil LoL^ ^ Lo ((4 x 4) bbzjj! b)-o 
iojjJa 64 dJbjfe -JiSH CMj Cb^^i^SJI J^la 65^0 jl CLCbjJI 

-C^ b)-® cU-3-0.:^ ^ 2^3^^ dj^^jJl L-Ciy I4J b>^ (4x4x4) bLLxiptx) 

•b)3^5SJb b)^l d-ca-uo Lo 3^3 ^5^ ^5^5^ bbo! CLuabjJ) Jib?o 
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1 jjJi J3 .L^lS ^j -0 jySL) j^t ^l^Jl l 3 

LJ^Jia-o 3 j2> U-o j^l 3 j2>3 tjwwJl^ (iszjj^l O^Ls^^l jjujzll <i* 5 l 5 OLo^lsz-o 
.CjLU^jJI ^Jj-tltu-U jjjiU-p -^1 (J| 

lia^ ijMill j -0 (jjj-w^ d(J 5 I -403 iszjjl) SjjljJl j-cojr^l j<a52J 

* •• « ** b •* b « * * •* 

jjlj d_cL?JI (3 bjJl ib^Js d.'gJraS 3 ij'-5z«o IJlU 3-)^ ij'-*^ l)^ 

6 JLP-I 3 iCiLlc^l ObL^ j-ol^ JjJlPsII C)lj-L<ii 3 .(^j^lL) 

OLoobjJl ^^LuJ ^ SjoljJl j^j^l 3 ^ .iiljLJl dloQ^ 

Jl^I^JLII j -0 CjLj^ SJlP C)^b?tJl ^sJisz-o 3 
^J^ .SjlpLAJI (Sjolj L^l .d_4«_aj 

(tryptophan jls^ijyLll^ methionine Jaiis jj-U-Loot 


Jl j-ojJ3 .j^-bl ijb3'^5^ dJa_a)l^ L^lo j-®j-’3 -^^^3 63'^3^ dJa-ail^ 

3-0 d-JL^l d.'g-*-*u-!l d-J-oo^l ^J| j-oj-)3 tCjb^i^ dJo-wjl^ d^l3 

US .J-kOOj Cib^i^SJl 3! jLli^l d_cpJI OLjISJJ SibjJl C>jji> 

3 ^ (^y^l 3 ^lSJl bi 3 G-C JajUj 3 -® 3 S^bjJLs 

3-0 GUA3 GUC Jlszj Jlllsl Cjb3>i^SJl 3 -® G3 G 

4 xpJl oLjISJI C-*-o-xiti.ail li| .valine SjjSU,! Ob^i^SJl 

-C 3 ^j^3 ^ jisliJl bjJl 33^-*-^ £^J_u3JlJ GUC 03^5^11 


Ca 3^ .d_JiJI bi ^J.P '^3^ Uli^ Cj^iUAalll OAjJi Ji-0 ijh-lb^ 

.Ob?ij^l (J| jJaill CjIjIjS^I oU2i Ji-e" ^^bj Ljj jhill 

CjMj 3j.L<iJI Ob^i^ 3^ (jiu-XIsS (^jf-bj j^lal 

3-0 if-^-o.:^ CJa-cLluil v_Q S ?d-olj^l C)U-1SJ1 ^Jji> ISLo 3^3 

Oil 5 d_LLS 2 J ja-OJ?- 3! iJLPO ^>353 C)^ 3-® 3I dU-bJl 

Ll:^ cU-^ 133^^ C)LlJ 3 jJ 1 3'*-^^ i3 33^1 J3^b G)Lo^-ai^.OjJl 45352-0 


^jujjo (JbijLo 3^ ■'^33^1 ^^^^^^3 43 ^ 1 jJl cL-o-^SJl [^Jib-o ^-o iw*ip- 

^bzJl y££> cCjj-oX- 3-® CjI^^I JjI^I 3 hiy^ 31^3 ^Marshall Nirenberg 
> 

* • 

3 C-Oj^l 4x.aiLai^l iw)jL^I 3 *^1 ^^3^3 •'^34^1 3 4j1jJ1 

. Jj^ ^ 3 ^^^ i 3 ‘^txx.tuj eJjbiJ 5 j 2>3 cSj-L^Jl j-^ 4 *S 31 Oil (^^13 1961 ^bzJI 
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rUjJAll 


c^L^JLf&^U d.*A9 (,^7^ S^^_q_miJI ^■maS^ d_i_Q-(S^ i^j 

IjLoiil (jl5 Lfiij-uxS^ (jLs ilLu-o i3 SjA^iJI cdjS jl ^j-pj 

d_J| d.Q_tu_LQjL ^lj 3 il ^i-Lp g-o L*-^*u-L9 j^LiIj (^^13 cLocuSUJ 

J -^3 SjLbz-tl dLSli) ^ 3 ^ Lo .reductionism ^3 

cjaiis dLc^j d-x^Jal 3 jiLp-| ^ j-03 iL^Li^S^ 

.L-Ci Jo^ .d.*^3 Ja_t4ol ^Uaj J-oa£?tLa)3 

bjUSo bMi»- pJkitLail Caxp- £d.-cul-AJl d-ApJl bMidl ^jr^-Ojo 
^j-o ^j-o 3^3 £^bJl ^LkiPtll (jlS li| Lo jLi3-^ IJla^ Caaoj^ 

3! C)LlJ3jJ 1 ^Lb| Ijils £Sj\sjiaJl C)Lo3_a)3^jJl3 OL^jj^l 


.dUj 5 j 5 o ^ .polypeptides CjIjoap ^b 453j^l £^>*^1 l^blJo 

jt ^-Q <u7S^l Lo jLpj^ .Sj^AiJl j'mS^ d.*^ J-o^l <L>us>' cJ 3 £?ij 

AiJ .bjJl j-0 Sjlio OLoo5 d_J| Oi-A-ol OIJlJLcJI ^Lbj 


C)bjyi> (^ySi cjji) i)j3j^^l bjJl C)bj_y^ £^-«ajl Lo 5 ^ lidS (j bipto j^3 £d_jJjl 
JLty^l b^Jl LoLljy!^ (jl Loj^iLo (jlS^ £ti—33)1 tflJi ^ .(mRNA) JLaij-Ll b^Jl 



£C)Lo3.£ai3^jJ1 JI (OLLa^I) bjJl j-o OLsaLrIU SjuiaS 


jLu-03 ijjSjJsl djj^ SjuJLp i 3 Sj 35 jJsl bjJl cL!a_a)3 (^yj2i dLL) Caj 15 .CjIjlJLaJI 
b^^l I ^ 1 ft Or 1 ^bu^JI b)l ^^3^^ d_i_a) 0^ . LO I J>aaJ Lo>aamJJ ^aaJ3-) 

dfjJit jJiS £jjL£lJb lJL?JI 3j2i lAj2i jlS li| .i*jlj3JI 3 jA.(iJb C-*.*l 5 J^ 0Aj2i 
Cj\lij£^ j-0 SiJLpto ^^13^1 O^ iolidl dJjLuij ibllJ ^LuaJ 4 jl 

i 3 di^jdil d_J_oo^l JoJlPsj ij->j-b d.AL-gj Lo ScljS djlSboj i 3 jlS^ 

<JlS ^\ - ^3^1 i)llS d_AL* 5 b jl IJji) 0 -® -L^Iassj (^^1 JlJLaJI CjIJoJlP 

.C)b3^3SLIl ISL03 £i<jlj3Jl C)Lo 3 l 52 j 5 l j-Q-Aj 

(^jLap OjIS (^^1 JL«j-Ll bjJl Oboy^^ L 3 Lot 3 ^3! 

loIajAp} TdT_IT_I 1^13^1 dJ-MxJ-wj ^ur 3 .cil J_t_*Ail33^ oj-pULII ^3-o 

* ... * * ...*■* 

^3l ^J^ dJaiij ^3l j-03 £^LoMJ 3 L-ilptJJ L^.Au_a 3 dJLijJoJb IjJij £(polyU 3.dl 

bMi»- bliL) j-o ^j-o £jL«jJ3l IjjJi ^Lo^ iiLctLwjl .^L^u-Ltu-ll ^ dJojli 

d-tJ-Ad 03^^ J>aa.aJ Jo^XP d.AJ3l3^^ d_A^j 
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liis ^j-o iijjtill c>jjt> cOJlp-I^ d_J.*^ i3 .(polyPhe) jO^l 

oLJ^l^ ^J| UUU j-oj-> fiszjjl ^j-o 

^ys^S J^L)3 .d.52l-Maj ^5JJ1 Jl*I^I JoJlP (JI jo^t dj diiJjJsl 

jAAj AAA jl cJLjj-tl LijJI ^Lb|3 polyA dj^l jojx g.j-«aj 

polyC (CCC) i^^uJl j-^-^ .lysine ijuuJ 

.^juacJ.C' j-iAj GGG (jl Jlc>- 3 J33 c;j'J3^ 

(^^1 Sjj^jUsI Cilb UjJl C)L 5 j_y^ j-o jSL-oJL) ^ 

iszjjbH Cijjti Oils j^pl^iLll o® ^^13 5^,5^ 0-® <J^ 

t^jojo ■^^-*-11 ^IjLPtLuib LisjOO) tils O® t>S^ 

j-JjOJ djjjJ Iw-_wjLoJ d^Uai JwJLszj ioL-cuSJl Cijjlji 

djLs cdOszj O® 5"^ n* ^ ^ djt -^yi 

dlahb-^s OL5j_y^ diSbol SjLs 2J3 .SijO-0 dhhb-L^s oli^i^ 2^ 

tSijOi Oli^i^ OiS jJaJb .Jaiis i)35i JlpI^S O^ 1^5^ j-l-> 0-® 

g -03 .Jl*I^ JoJlP i3 d_J_oobll jaLso^l j-® ^ J j-ujszJ L^ ^ JLJb3 

^3JjJa j.P Jl*i 01 dOo^ i3 ^J3^1 S^JaiJl IJlJ jl jS^ .Lo dOJa^ l^is 
bjj-J_ c«j1^Ix.o1 (^jjoO)) d_J_oobll ijaUj^-bU <<i!a_OJl JlS^^l» _) IJoJlpo JaLjj^l 
joJlsJ 40^^11 ijaUa>-yi Js^ 0^1 JlSO-Sll £(aminoacyl-tRNAs 

dJLuij Sjijj-tl ob^i^SJl djLlpij oLLo-c- i3 J^*.i*-Jl 

£j^3 Ail .^Apws j^^^So JaJj-tl JaJlltl (^^Oobll ja-oJ?JI jS-ff 

Jait-c^l jS_uxJb AjA^uJI d^"^ Jao^jj TjCjTj *^1 ^Jl-^^l 

UCjT_J * 3 ! ^^“1^ IaSj^^ .cysteine i^^^Aoobll 

‘^^jl j-® j''^jl3 jOiJ lils j-0 jSLc Ijjij ^lAptLuib .jww-^-MxJJ 

.blOato bjii^ j’'^^3 


Har Gobind blj^i^ 0)5^ jl£t> Jl dLOJI OLoiil dlaQill alit ji£. 

J Axixp- J-ojzj jlS i^jJl cLjboJI J djj 3 jlS_ai Ap-1 3 ji >3 cKhorana 

Ij^jj J^l blj^a^ jS .University of Wisconsin j-O^SLuj^ isz^L^ 
Ollaws J ^jOjd L^ApsLwjI J^la A3 jlS .c-L-cuSJI 
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rUjJAll 


Jlszj 2^^ .JajjJb dJilRltl L^J^ctLoil 

ia->jJl i 3 iLoJi£?ttl jwwJl^ Ob^i^SUl 

^IjLCtLwjL) cdUi J^3 ■ ^*u-*.lLo iw)jL:^l cJjJi joszj CJa£-l LfiijS^l 

*^^3^ l^3.fcicO |3 2-/^ ioLoCU^l IwxJLoi^l ^j-o ^j-o 

kwJl^iiS L^jJxu-ail (^^13 cbjJl j-0 Sju^as oUl^it LjLuuS L 5 .<.Lgo 
ij -bjJl J 5 i 3 yi oil)3^1 OOt^ UjJI Olljji^ 

OLp^-oj^ jI-o lj^jij3 .Ojj^JLo ^t-OJl oOis Ool 5 (^^1 JJi 

OLp^-oj^I j-® Lq-^ .UCUCUC Jl-o £jUj35j j-0 i)jljSo 

oOis UjJl OLL)^^ OLbl ^ -^35^ JlpI^ 2^-)^3 ^^3 0^1 
d) If-^-^o-PcX) ^ 0 1 ^ I ‘ ^ L) I J.^3 ^ l^^ ^ 

X_JC ic-^-o-^sXI3 c^lllsl " 303^110 i 3 '^ 3 '^ 3 ^ i*jL»lJl 

JL«j-tl lOb iw-.^ ^Uaj i 3 ■CUC3 UCU jju3Litl 303^5^^! OJJ3 

.4j3Litl serine jj^;u*Jl3 leucine ja-oi^OII OIJlp-3 j^SLo JlCLo 
<^\ j^3^5iJl ^3! ^^^ 52-0 jlSLo^l i3 ^ tLbJLp-3 C>jji> ^jJi j^3 

JjJlsJI J-oSl .Sclj^l OIJo j:)t j-® ^i-Lszj j5L) ^ dj^ jA_cLoo^l j-® 

ijL^3 £i)3^jJl Jl^I^JLII iobj d-oiliiLa OljljSo 452 Jj 1 LoJlplL^u^ j-0 

iiJ^ OljljSo ^50313 ci)33j JlC- 1 ^ 3 3 )-® d.iii 3 >to Ol 3 lj 5 o 

Lo joJlpsj o® cOLiLJl o® lOsi j-® -OldO^-JS^^ 4 

cd-O-ol ji>U-p-^ 3-^-^ l^-^ 61 jl^ .iLoJi£?ttl jju^l3 (i 52 J 3^1 OU3Ji^Sjl O® 

.Lo 13^33-) i^l^j JoJlj? 61 I £« 0 S 3 J» J jAttC) 33 
L ^3 £^0133^^ ^ ;J-t_0-<-LI j^^gujLa)^l 3 ( 3 | 

OLo^.«j^^jJl J.-o^ 4 j 3 Lk> OJlpo Lo JjJLpiJ 3 ££L.o_ooj?- j^m jl^ 

J 5 J-»a£?- LoJlI^ 1968 pLsJl i3 OljL^^l OJlp- LojJij js 

Lii?-93 Robert W. Holley ^J3-^l> ■3-J->'^ ^3^33 £ljl3^i^3 ^jOju j-® 

Lcg>-^^.<-tu-flJ 1 13 l]^3^ ^3^^ {.J^ £Lj3^AJlS^ i3 La Jolla b^jS) 9 i 3 Salk eU^-oi 3.^v.o 
^J| Ob<2J d_J_oo 91 ji>Lft-i?- 9 J dh 3 *III Jl^_li 91 Lo ci3^ ^3^ .^wJaJI 3I 
I 3 j^ ^^..Mi-tj . ^ I d) b3 ^ ) lJ l^-u )91 i^_j-^3 ‘ bJ I d) 13 >Ot_tJ I 
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j£ijcu?tJJ Ja-Alll 

IjjJJ J-«aBl ^1 i| .tRNA 3I transfer RNA JiLIl UjJb UjJl 

jiLsc>-^l oUJ ju Lo ^translation RNA LjjJ 1 » 5^3 cJsLIl 

(anticodon 03^35^1 ibliLo) 0^ •^b_J3jJl3 ^^3311! 

cJLcj-tl UjJl Ji3i^3-tl dj (iLoJI ^3^3 03^3501 

3 )-® ^ 3 ^ * 3 ^ ■ij3'^3^1 (j'^sdjl j<ajOj?tJl JLil^b jsA 

jjAiLoi^l L_ 3 _(ijSl jJis ^JbJb 3 £d.-o_a)LpJl ioojis^l Oli Obj^^^l c>jji> Jlp-I ijj 


bjJl 3)-® 010315^5! d_3 ^5JJ1 OlJul3U-*-«Jl jLiujCi (3 S3JaiJI dUlI 

IJj^ d^>o i^3^3 ^j.u->-it 4 Aj c tw> 13-^***-^ dJi (J1 


£i3j3-^1 (jO-LszJI j''-*-^^ ^3^ i*jlj3JI SjA^I dLoJ JlqJI jLpij^l i^-dp- 

jl oLu£- ISLo .^^^.£**J3jb di^_<idil Jj?- |3 ^3^^ dLll3^ Lo3-«ai^ 

jl JojJ ^ j-® L^U-dszj dv^^hll iwxiSb <JlS (XByzji j-® ‘i'-®-‘2>l ^^1 j3So 

3)jj^L^1 3)-® J-J-qJI dfljjji (jlS ^aAJI jLpij^l 1 jLfis 13 l5jLi-o 0350 

dl3d.-«^x9l Lo ^bAJI ^^^L& 

Gunther l^3J3^1 ^Lp jL^^l Sybils' 

(jl (3^?tLtuj d_£^aJLo aislSLo d_c^3J3^ obj^co ^3^3 ^JlszJ 33^-'''. fl d_Q_uil jp- Stent 
The Coming «(^_j^jJl j->n5dl j3i52-Ll djli5 3 -d-o-Jasdl ^3^5^! 

GjlIp ^JlOiII jl (jijCBl £1969 ^LsJI 3 33.^11^13 £of the Golden Age 


cfiJLpij £i*jl33Jl jw5o 3 £(joiA JL^ 3 d-xiiszj G JS i)J■^i^l ^s-LssIj 


3 jib J 3 djb L^jCpl djl ^JP'3 Lx:^ 3J3^I 3 dUj 

ibl33Jl SjAAJI JjI^I (^^AJaLsJl juliJl ^-^3! £^^3-0341 

^.ooj?- ^ jLpJl 3Ji> US idjl^j jSb ^ libb jl jSjJjI j-0 .Lj^3J3^1 s-UIp (3 


31^1 j^l LuSU" -Sjd-o 6 JoJl^ ill Jo OjS c'<Lu^j}\ ioo-LsJl 


.<boL?Jl L^pg-b dv<<UII 

9 

SjAAll Lo j5Ll3 £^-0313^111 d_Soj^J^l L^ioJJ^tLoil ^^^1 ibl33Jl SjjJJl C)j-v«5 
oJoSi jl jSJ^ cXjJu 3£?ij ^JP' ^-Oijl Lo jlpj^ CjLjISJI l^LoJLCtLwjl (^^1 

3^3 £jLi.Ll £TJTJTJ j3'^3^^^ ^1 '^^3^ i*jl33ll 
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rUjJAll 


d_^Soi3 J -*-*-*5 j2ajOJ?JI j-ojJ ^1 

CjLIjI^I (^^1 d_cpJI OLIjI^I g-*-*-?" i3 ‘^***-^^ 

dj?i£?- L^IS Jlj> i3 8j.^*u.ll d.Q.<.Lo- (j| .iSjuioo iolj3 dJa_a)l^ 


iJsLlf'l 3 Jl*j U^ SjA^I ^ 5 -tulj .Jaiis SJlp-I^ SLp- 

^ t >03 £^^L«itL Sj-L^l J^3 SLptJJ dfjut-tl ^_q1<u!I jt Jo ^ .LoUf 
d-J^ jJl iLolft^l ^^3 (dfjuiJsl i* 3 LJl 2-‘-'«>-?' 

^Jo cdJi 2^3 .frozen accident theory «3 juoj^ 1 ^,jia3» ^1 Ul^t 


cLiilj^l l(^dlo 7 ^ iJL 5 s 33 g.LQj 5 ^^Jalo L^ 6jA.<ii ^5^3 d-c^o?- cU-Lft 

JjCL^uo Sj.L(iJl ^J^ J^-0^1 j-0 jl 5 dot f^Js~ ^JhJb j 3 _/rfaJ 3 £(^v*;loll 

• Sj-O 13A J^\ 

ftLol i3 bjJl juLtio I4S3S liiij J-ooJl dJ3Lb {^^3 £OLo^-ai^.OjJl 
gj-oij L)Midl ■bl>j3Jo d.d^ Loul i^ySi £OLlo3jJl3 OIJlCLcJI d_J.xiX- 


CiLby^ dj^ j-0 ^j-0 ‘^^3-^3-;:>J bMidl .C)Llo3jJ1 

j5J £ j£>-\ ^J| (_y?- jjl5 j-o ;^3jdl CjU^SLo v_Q h3ij .C)Llo3jJ1 j-o ^JLft3 bjJl j-o 


L^J-O J)SL»D JLP-I3 ^^> 52 J — UjJl j-0 OLSjy^ dj^ C)Lo^.«J^^jJl 

^dLp-3 U-fii £j^3^3 d^j^l SJlp-^ 1 ^i-aib 

^jbJl J-0I5 dx 9 iw*lSo ^ 3 jJl Cobojj^ J-«a 3 l b?t.^j-o 03^ 0 ^ djSbff Lo .jjSl 


.j^ IwJis djl 3 JuJ ?d_ 0 ?JI ObolSLlI ^JUS^ ^ 5 j^lo 7 ll 


♦« 

Does Ribosomal RNA Have a Longer Reach? 

bjJl CjUj^ j-o J5 3 ! i^l U'j 3 ! £Jo?-l 3 ij^-^ ob^ 

d.g'jJLll djJ^Jalll J^-0152Jl3 SLptU JjL^I jji |3 C-libJl ^j -0 

i3 bjLftL«j o^-c ^dxpJl oLblSdl ij'-* ^_Q mSd 

.Q 03 *a^\ JJLalU (J^LjI dJbjji 5bjc;$_Jl3 djljJLIl ju**_aj 

..... ^ e. 

1965 ^bJI i 3 bojiij Jo?-l 3 033 i 3 lojL^I j-o Ojbit 

dLLLfi" US £i3L!alIl ^^\3 (rRNA) bjJl ^J 1 
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UaJI jgilib 


CaIco .Jaiis 0^3 Lr^ ijl'^l J3-*.a^l j-o 

oLijISLII ^3 o^3-^3^C)LL)ji> ^ djLijJl j-o Lil5 

.^^Ji»-^l iljU-tl OLSjjj^l j-0 L^LiJ ^^1 C-olS 1S| U -*33 d_cpJI 

ijlllb glxxlJ^ C)Li*J3jJ 1 ^sJasz-o j-o Uajl j\Jc 3 Jj2i 

^H-oljSLui JlJI^ ^j-o ^jJal^ 3-^3 tRoy Doi | 33 '^ 

iolill iJjLsJl dLjt i3 Ol^-Lo) ^jJl tl^j 5 iJ 15 ' (Sacramento 

Heart Mountain Ju^Lo OjLjs^ Tule Lake dJ J^j ^ JLoii^^l ^jSL^u^ ^ 
Syracuse d-sz-oL^ i3 djd^j Iw*jL^ ^J^ ciJbLJl 

djbjJa ^ ^JlcCLoiI .bMiJl bi (University 

(Julius Marmur j5ajLo (hybridization 

Harvard asz-oL^ Doty J5J j\i^ ^ ULb jU ^111 

juj?d,l ^ ^ dJ-0^ 3 j 2> bjJl-bjJl jl .C)Lj^(.*u-o 3 JI ^13! l 3 University 
Jajl3jJl OJLfiJLsdjl^ (bjJl <Ljo j-o Jw-OJLiuJ SiLpj^ liLSLolU 

bz-o jljLpCL) (Ulo'?-^ US (jj^j-Olisl d_( 3 lJa ^3'^j^ bjJl .d_J_(i^3jJw^l 

G 01 Jlp -^1 jo LjUJj JSdllj S^JlpJjI 4 .(.L(J^ 3 jJu^I Jajl 3 jJl dJa-uil^ 
(T CjIj^^JI^ a CjIJlp-^I jju dJiS^ (_^^1 C CjIJlp-^U j^sUaJl Jlp-I 
OL^bz-0 dJa_afl^ dJ^^.*uj bi>j-wS d.Q.^jg-o iajl 3 j L^l (d_cI-cj> 3 jJwji> JajUj 


(dbaJI ^ 3 ^j-o bjJl AlC- .SjljjpJI i 3 dU(^ ^'^bj d_Q_di^ 

JajUjJl *o'i C*xp- (dj ju^Sbtl jjijAUsl jjvSLJaJI (J| («l-)3Jo») J-xaidj djLs 
jLs ^Ajju AIC-3 .Lusz-o ^^1 d_Ax:^3jJw^l 


3Jl*5z-o (Ljl^ij ^-oJlIj bAlI |juo.-cCLtjl j^sLJaJl jo Jaj^ d.J_c^3jJu^l Jajl^jJl 
j-o .annealing jjjJiJb d_cLo^ tj^3 ^3'^j-® bjJl J-ddJ 


jCLi^^jJl juAplill j-0 J 5 (d.J_c^3jjL*^l Jajl^jJl 

oLfii j-0 yuS (Jl <ip-b?- dbjJi U-fiilAp-| AptJ (jl T3 A dJAS^ C3 G 

Adbzlll j-o CjAp- 3J1>3 (AjAAJI Jajljdl (5^3 jUaJI ^3^3-0 bAJl CjULiJJl 

jUaJl ^3^j-o bAJI ^do| (Jx- jjAldl J-ojzj . JUA£?-S11 Axszj L^5z-o 3A0 J| 

.zipper iw)L?t^lS 
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cUj^AII 

jjvSlJaJI SiLpj jjjdjlll J-0^ 

j^j?!ji> bi J-3bijJ jro^< ] L^<A‘gj ibljiiJl dJLjj oLij 15 bjJl 

Uji> Jlc>-1 Lu_J bjJl i3 ijvSliaJl 0^3 ^3^y^ 

(jlsUaJl ^Lg.l.> .d_cI-cj>3jJu^l Jajl^jJl 4.L*w.L*»t i^ Olj^ diLlj5> j^So cJ-olSLlb 
IJl^ .j^l djLs iJbJb^ t^_Q^£?ij j^^b UjJiJLp-t 

Tm i3 jiLoio^l ^w--uiLjj .dj bjJl j-0 Jsl (Tm) jb^i dJaii bjJl 

.dj jo^SUsl bjJl iS^y^ iiljiUl ^5JJs LaiL^ ^JlIJb3 ijjLiIl 
U-fiiljJl^ 05^ ^Jx bi ji-oJL) ^ 

jio ^Jx SjJxJl ^5-tuij .jxLjJI (JaiLxJ djL)^^ ^ 0^3 ^5JL*^ 

^hvt, j.fi-*i*-> ^ Lo^-ox .JoJufiJl Jw-Jillb bjJl 

j-0 JlJUsI .i)ljXll dJL*J3 OLbU j-0 Jl:^! CjLxi^I 

.SLpJI biijS^ ciilj^JJ djz^yi OlllJalll iwjljjJ 31^1 OjLlf-b dlo-*5 

^ ft 

C)Ii*j:^1 (JOsu jo djlj^I i^Juo JJ^ Jjl) :IJuX 56 jJu! 03^33 (33ii ^&JLii>I 

dlJ3Jl) JLOij j! ^jvuJ J3iaJ jUu j-0 U-0 ijj3Jaj CjIsLw-o jX 

^JuS .JI3-WJI IJjis jx ibl:^^ libis d.Q.l'L'ka 13^^^ ^ g^l3JI i^Llalll jX 

j-o ^^133 bjJ) j-o ijXlo i 3 bb jo ju?c^) 3 ^>b? 5 j cbjJ) - bjJ) iuflj^ j-o 

j*tj_**oIj^ djjSj-Ll SjuJbJl t^dJI (Jb«j-tl bjJl) bjJI ^isy^ 

(^bJb3 (Cbbi 03 j^l (^1 Libui^^l b^l j'^ biAil j-^ iiw)Lo3'^'^^^^ Xu.^ cidij^^ 

illui! Ctol J33 .(bjJI j-o lijXl-o g-o JL«j3.I bjJI j-o ^jhla ^bb 
University of 153^! j Sol Spiegelman jU-ls^ ^3^ 

dj! ^3 dLu ^3 (jSbo-o (^33jJI jjL^I jo^:^! j-0 ^3jJI Id^ j! (Illinois 

.1^ 3-°y C)bL*j:^I j-0 JLojJsI bjJI Cib-Jj^ Cco?- bor.«.J:3 CiJoo 

^jJb jjJlj^I (j-03 .dxilj>ti! OLLaj^I jo ^3 bjLo 63^boj3 \S 3 ^ -^^3 

(3^ biijAS^I 3^ (rR^JA.s) ^^j<03-**'3^_^^ bjJ! ^^3^^ jLti-ol jl 

1jx3 J-0.EO dj?uJb t,y^3 cja-o j^balj (^^3^30jJl bjJl d_*jj jl 
13^52113 j3ialJl ^jb ij-ol5o bjb3-| L^jSL^ J3 i)33jJl bj>Jxl3S iJl3lA jb 

.£L*s>J\ CjLjI^I j^ 
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UaJI jgilib 

djSZ-oL^ jjllJlIjt CljJt d_j5 |3 £J3^jLo 

^ Albert Einstein College of Medicine of Yeshiva University Li^ 
^5Jlo ilLw-o J3L1J jJLI .^53^ L^l J-o^ 

d.<.Lo,c- j-o SiLaiui^l cLoUr iiL)jJaj (rRNA) jJl UjJl jUii 3 l 

.transformation ^3j^l ^jc 5 LJl J:)L^1 

L^iLo bjUSLJl jra 52 J J^LIj ^^^1 Jl aibjJaJI ilbCL*!^! 

d_di^ OJL^b ^ cL^Hu i3 bjJl joszJ LMidl ‘^3^ .d_J_c^l 

ciijjb recombination dJ-o^ ij dj^jo3 

^5jJ d_cLafLlIl d_cLojJl JuJZJ JlC>- ^JI d_cAj U -3 .L^ J^sLcdl bjJl JJlCLmxJ 

OJiUsl £i3b3^^ J^LlIl cLjI i 3 .jju.didl ju j^Loo (JLajl J^3-> ^ tdlU-ui^l 

.d.l<.JI (3 i)J.S 50 iblj^Jl 

j-0 Jj ^ td.^.Q.l'Lo d_Ji^ (J| i^liaJI bjJl Jlszj 

d_J.*^ i3 ^J3^1 S^Jaidl 6Jjis3 .j^j^^llb bjSjo (XAx^s- j-o d_Jidl 1^ 

j^So jt Jo Mb iLli 2 > L^.4«_£lj Jl^I^JLII ^ 3 -JaIj .JoJli^I djia^jo |3 ^LoJoMl 

Cj^Jo?- ^ 0-03 t^LoJoMl 0-0 bjJl (^ 7 vloB jo jr^ doLiJ dfljjij 

bjJI jo doLt-lLI LaiLuo?- LaiULo d.Logj jo^ ilbxu-fcd jol^J Jozj iiiJjJ3 .ilLstluiMl 
.ilLcCLAiMJ j-oLcdl bjLU J_JLl*Js 13 jujlSJl jo ^54.4^13 JBI3JI 

J-053J 03^7!! djJoj CjLLo^I ^Ij^cCLoib d_o?Jl OLbl^l j-o 2^3! ijULo 

(^j; 33 . 4413 . 0 jJ 1 bjJl yJCj '[ 33 ^ ^i J-*^3^ ^LujLuiMI ^J| ^3^-033 j^^jLo 

j 5 L^ .(jLlluil 3i?!Jo ^5J3JaJ ^5Juo dJ3 t^ 5 j 3 lo 7 ll j-ojJl JoJ^-oi tiio 

4 jjbi-o i)lj^l OL^j^ j-0 2^3! ilLpJLoiMJ jg Aco jt dj Sj-ojijl CjLLo^ 

. JoZJiJb j-*-cCo 3 bjJl CjLo^b 
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II 

^jjjj jjp 

The Rosetta Stone 


Carl R. Woese 333 .j* 

(^3_a)3^jJl UjJl ^13^^ OUlSLo^L) 

CjLsM^zJJ J..oJt£?w3 JuJuj rRNAs 


dUjJ3 c^j3kJl 
L5 >JlC' 13S OLJl3l« i3 ij3i5LLl ijj3JalII j 3 j 5LI1 
LoJlI^ OLllsz^ i3 ■^^33-^1 

I dJ_4wJ_u) I 13O |3-^^ ^ ^ d_t.SZ_u) I lXj 
^3Pt3ll ^y£' tljjJl 3! IjjJl s.13^ £i)33jJl 
(iiLijis d_j£. (jL-cu^l 

djcLij .(^_y«3-ai3^jJl UjJl OU 3 J 5 w 0 jy*J Sj-uiL-o 
j^Loi liijjJo jS C)L?!jl3 jyisKA 3)-® 

(J1 t^JojuslS" ^ Frederick Sanger 

■^3^1 cUrbana L)ljj3t ^ 333 


dJiisJJI dllj j djl L3J33 kiljil» 
jj.4 OJlxll ^jAJI I 

cSLpJI 

«^ll 5 jJL 
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1958 ^LsJI i3 frLocu^l i 3 J-J5^ ^^Lai dLjJo^ 

.IjjJI i 3 jxl^^l dlZAZJ (iiLijis ^J| djjiLijl ij^ ^ *1^1) 

1^1 cdideoxy method i^gLuS^jJoljJl 3I ^j^L. iajjh> jl 

i3 iwJaJI CjIjL^I ^daf-t joszdl dJ_<l_LLI C-ooJLCtLwjl 

£^3^1 S^^Jlpws (,^1 £Cjai> (:llL)jJaJ UtjSo .jjjj^l 

j-o 91 1 dj?sAo Ail .1977 pLsJl i3 frLocuiJl i 3 idO J -)53 ^^Loi 

^j 5>3 £frL-o-* 5 Jl i3 (33^^ Axc>-^1 joittiJl ‘d^SJ AjjiJl j_ooAJ1 

diSl knighthood (Ja-jLqJI joS) £A^3J1 j5o ^ jl £jj9iJl j-o 

.«^;UaJ 1 » ^wJaLpiJ jl JOjJ 9 

j-0 ^^1 jd^_£«j 91 “IAj iwSjJslIl ijib?- .j^Lui j^ dfbjJi Cdl 5 

dLtu-La) jl ^J| lidi Ail j^j.^1 lAj2i j^- Ajj-til ^jJ2-o 

^ ^ £ jo^jj j 5 1 ^ j^$_tj (^J^l £^-*-*-*^91 

I 1^,7^ ^ ^ AxxJ Lo.x.Md I ^3^ AAI d_i_M) Lm )9 I APcxxd I 

jA-oLsdl i3 jo Lbl^^t (^^1 ^^Lai C* a'Pe-g .iiljiJl AjApcII 

Apl^ill UjJJ ^Lai^l J,^.*^! joszil i3j-la j-f^ 19773 1958 

.L^£.Lc- ^53i£?!j 4J33AII 

i^3j^ c i 33^ ^Ja-Q-I Urjj| Lui ^ AptLoi 1 £ Sj5j.*ja3 3L-0 (lAjiJ ^ 1 AptLoi b 

£^aJ 3J ji-o £jAjL£1 A-oAp 1 .(Icdllll blJijJI (j^u^ ^ j-®3 tS^APi-o jS^Lol i3 

•* 

3AP-3JI iwjlji jIip- 1 .i)3j^l objjj^l oUrjj^l gJojij juUl (Up' 3 aII 3 ^aII 
ij3SUsl iijMiJl bjJl ^^^13^1 jo j-0 ji-o 91 (^y2i3 £(^3-0130jJl bjJl j-o 5 S i^P-jiJl 

C)bjji> jai) t3All3 £Ti 3^153030^11 tj-o-tiO ^3^b Jj^l j-03 £p3_ai30jJJ 

j.p ib^bJl bllaII J-as jUS As 2J3 ^331^0 G residue ^ ilL^ J5 Aso bjJl 
:C)Lo3jJ1 bdi^io ^^3) U5 £electrophoresis jbj^SJl j 9 j>jJl iJjjis 
^3.^Jaj3 cellulose acetate 33l3d-‘*dl oLi^l j-o dj3_o?ta ^3^^ JaJLd 
bIh u\ I jbj.^5Jl iw)A:^l -jd^^l i3 ^ AP-I3 Aso i3 ^3! £Lfiij^ 

C^ao ialidl 43^03) 4SJ3JI ^^Js- L^Ao J 5 db y >6 i33PtAj3l bjJl 

iP3-oj^ ^3J j-® j^b*! jSbc .dJUptaJI joz^ jlSbo i3 Bj-*-o-o djzi^ d.<.Li 40 
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•\l lllj 

C-^jj j -0 5S UjJl \j)j 131 ^ 5 ^ 5 ^ j-o 

c ft 32 * 

£^^L_£iJ 1 L_i_*io (J| Jlptill .( P) CjIc-wj^AJI ^ 5^3 i3 

jLlS^J^^jJI J-ox- .iLaxi-o C)UL53^ LszS^a 20 L^LijJl j5^1 -jxJI gsl^-o 

.dsJoS jjJ■^ix ^s>6 (J| d_wjjjo jl5 5S IjjJI gJajij ^Jx Ti 

4xjb ii .mxJLu) 0^3 03-^3-'-^-^^ ^LQ-O ^jJO gX-JI Jk3-I ctiUi A5SJ3 

iJI^IjO JoJe?cJ 0^^b:^jJl3 ^holl ^3-® ^3-® 05^ Cj5]a3! 

JS (jy^l cTi jUS^^^^jJI <i9^ J| jJajJb^ t3^ J^ 0! JuJ^jJS^^I 
cXJCXJCCCCAXJG) O!Juj^-JS^jj '^3-^ 3)^ -G dJUJL) L^-i^ 

.(ijlit! 

d.Ji.S (iiijjJs ^ 3 ! djjJ j5o ^ dj^ 5S bjJl iLwJJL j-® j^Lui ^ 

^aix U-o ^5-bzj djiJ £(J_o^l 5S bjJl ^iSy^ i3 JaLjjl 

■ l^iu-Qj ^IjLPtLwjb 3)-® “iA-*-*-®^! iJl^la 3)-^ 2^3^ 

d_£i£?tJl dI3j3 ^5j;i3-l3 ciiljiUl iailji ^Jx d^jJaJl Cijji> iJlSLoj j^Loi dfjil 

jjjjLoi^l ^JbJb d_a)ljjJl cjji> ^ 3 ^^^ 1966 ^bJl 13 Sj^-^icUsl 

OIjqIoU jo d_J^.*^l joJlpsiI jjAiLoi^l ...C)1 jlJ3.J53jJ1 J_4«J.^ 

.j^qJI ^Jx (LuJij 333 Jjl5^ dfjit .«bjJl j-0 43il3ttl J^l3391 3I d_L2Jl 013 
J3-0 j^b LoJlIX 333 ^1 j^bo j-0 Lj> 3J3 j 5 jJI Ijj 

£i33^| dj2^L?ij Lp-3J303j5bU)l ^5-tu3 3 333 *^3Lo3 J^l3 i33'^ ^i-bz-o cjU-Ls-*-^ 

cjioL. ^jJ LL-gJl oL.ljjJl Iw) 3U3 J^l cDavid Bishop ^3^^^ ^3^^ 

3 iwJ 3 Jlo L^o.Lgj (^^1 ^3J-b-Il ^IJ^ctLoib .oIj3i5jJ1 Jlszj J-*-oj5 Ojoios ^J^ j32i£?tJJ 
bjJl i)3l£?d5l (jLbj^l OLai3jr^ ^310?- d_ailji Jj3 (j^Loi jo3w3 

. j Jj (j Lft-Lsz. A-irnii) 

^w^«:iLo tiJj3J3^ 3 bbj3l jU-Ls.cO j^lx (1969 ^bJl 33 

Cancer Institute l^3J3S' isz-oL^ i>^'.y?^'3 (^bbSll 3 jLbj^l a^ 5 z-o jjJuo 
Uj .at the Columbia University College of Physicians and Surgeons 
3->j^ frbaf-l j-0 Oj3 d39 £ jU-Ls-*-^ (j-® Jn-Ol^u-U 3Ji> 333 0^ 

i. 

.dxjj3 ^J| ^s-^LoIb £bjJl j-o BjL^l ^3JoJO jU-Ls-*-^ 
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rUj^AII 

cbj-coJl LooLali^l 333 0^3 

Lp-^^^3j 53U)1 ^_^L) (jl5 djLs cLp-^^^^jSb-Ll i3 Lool-«a^l 

cLjaiSLJI t4jj^lo7ll OliMsJI 3I ;Jj?JI ^^Js- tUaj^iuilj 

j.^ .^LoLib L^.i_t^^J_i_fiJJ &li^3-u«JI j^l j.M-t^ OxjIS* i,, 7^^3 

oJl^ liLoLsJLo ^_Q^I*o'i g-03 i3 333 jAjLui iwxJLuit 

.IJlJLszj Jb^I C-o»a OLjI^I j-0 

US (i)33j SJlpIb 120 5S (^3_ai3^jJl UjJl J_cLptj 13 333 

ClLo^lsZ-CJ f^Js~ ^53I£?iJ cj^Loi 

dJ^Js jJLIl) 16S UjJl 333 pUjLtbl J3i?tj i*BlS 

ij*aS 3 JjjJ 3£' Ja_wJ32o UjJl 3-^3 ^('^33 ^ SJlpIb 1540 3^^ 

^U.^1 J^3_m)3-^I 3-^31 3^^ cLoU* (w«-a)Lco dj| A.QB Cjoldilocks 

.J-cL?6ljl iS3'-^3 13^03152X1 

c^^Loi J^sB US £3L1S3 aJ3^jJ1 16S (^ 3^3^jJl UjJl LoJLif' 

33^1 13*^'^’-^ jSJ tiiLslI SjuisB OlJ l*J 3.JS3^1 blJa_.il ^hvo OjIS 
333 U^a'piB bj\lSo JSJ 16S (^3.ai3^jJl bjJl ^l3l -JiSt 3! i)333 SJlpIb 20 
^J.P 2^-31 j-o t-Qh'piLO Ja_^ J33^ Jl tbih.iII j-o ioil^to 4£'3 xj^ 

.bjUS_31 oXiJi ju i)j3JalII OIbLwJsI - dbi ^ - q*S^sl> U-o £ 33J3-3.**3 I ^Lq-o 

i£'3-oj^ dl£.3.oj^3 333 LoJu-C- ?iiiJ3 JoJljjo uQ.S 3^33 

i3 ^s^jIjL^o C^bu-'pij £bj\lS_3l 3-0 Joj-tl3 Jjj-oU 16S (^3_wJ3^jJl bjJl gij j-o 

.(bjJJ bih.iII) d_LcS2_o gib ^J.P l-SjjziII 

gL dJ-Lsz-o blJa-li ^53I£?iJ (^^1 gibJl .331.^1 i3 bisj-o.^ 3^-6' -tlU'l CjIjo 

(^3.013^^11 bjJl ^13^113 pUqb Sjlp-U Sj-o C)Jl ^3 J.B JiSl 3I i)33i ^£-133 6 131312 

U-iiszj ^J.P 333 l.9j^3 £|^1j3 cIbJuoI l^-iiszj ^-^1 .bjCSL31 ^Uvo 3 -® 

fr & & 

bj 3-® Slj ijb SI (^^1 bln.iII 3I £«g^l3lll» L^Xc- .Sj_*-o-o LfiijLipb 

.bjAlSL3l 3-® d^bi-o d£'3-0J^ 

ia£>-Sl cd-oJl^to bjAlSb 3bSb 35XJ 3-® 16S ^^3_ai3^jJl bjJl jna^^iB 3I 

j^Sl i3 dL:^33 £33)07II JSb?- dlau I[^v05?^ .Sj-ooJsl CjU-woJI 3® 0^3^ '^3?'3 
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•\l lllj 


^ .iailjjJl L^lLo_<i ^Usl l3 90 ^j-0 

djl Ijo cbjU^-Jl j-0 ^Usl i3 65 i3 

djJaj3 ji^l dszjjM ju t3j-^l £lj\l5 ^blll OJl^ 333 

16S i^_j^3-ai3^jJl UjJl ^\Sj^ ^3JaLLo jaizj 3>-® ■cJLtu -LI tiillS iL^'g33-o (J| j^illl 

333 l)-® j 3loT'i Jlllb3 il3^.tuj juilll 

jt i3 J-o91 U-o £d_J_c^3L_QJl if-LuJl i3 C)U'L4Jl3 ^^IsjJl ijjiLszj ^^JaLUsl 
CiLc-LiJl ^ U-*3 cLo Jlp- JI djLJ3Jl OlsM^zJl ^3jl3jJl 

.JcSSJ^l ClliMiJl libb 

,j*£ 53 B ^J3^ £c 1 j 3 i 5 jJ 1 Jlszj Lo J-*-o 3 333 ^J| bjjjij 0*33)! liOi i3 
Iw)Jl :^1 .L:^3J3^1 3I ^iLLo d-colp- dJ Oj 15 t^jJl cGcorge Fox 

djL?ol ja52J lj3 (jl Jl 52J 333 '^3^^ ^J1 «‘i^b-o-*5jl 3*3^ ^5^^^ ‘0*^3^ 

bjJl 3)-® ^i33^ ‘-^3^ \.J^ G)Lo3-ai3^jJl d_cQ-*5LI «i£>-jr^iLLl iJ91 ig'jiJI 

^UiPuaJI 3_4 w-LuxxJI l-)Lo3-*a) 3-^3-^) Jb^^^-LI b^JI d_i_Lo^ .Jb^^-LI 

j3yUj?Jl3 jlSjLj^b ^33)1 Caj 15 ■ d--g.^.L*ali t53L^l j^33>^l cS 

.130533 31j1 U-0 

|^^^jo 5JI djbo_tJI 3^3^ ^Lo»u)l Lo 33^^ ^O^** ^ ^ ^CoOJ&bo-O 30533 ^J3 Lo (3^3^ 

3^ L^oic- Joa£?- bihII 3-0 SjJLsz-o 4£'3oj^ jo C)l3!ill3-91 ijli-L (Sab) 
ibbooj 3Ji> Sab j^ 3 -L 1 j) - 16 S (^3_oi3*jjJl bjJI j-o (B3 A) ^33 gta3 13^31^ 
^33 L^o 3 dJjbiJj 3^1 16 S (^y33_oi3^jJl bjJl bUooiJ (JLo-i^^l ^JlszJI 3-0 

3-0 J03-0 3£?ij d-o-^ 83103- JlpsjI Sab f^34^ j^3 C)bjl 5 Jl 3-0 

^jSLe' Lo 5 cJlp- 13 ^3 gdLJl j-o jjA-a-v-o jJa-^ ju ^3LiUsl Jlji^-b jJLI 
3-0 8 JuOoow-L 1 djbooJl Olj^3-0 3-0 4£'3 jOJ^ 30533 ^JLPtooil .LjLoO?- ^13391 JjJlSZJ 

3;i>3 £b3^I5-Jl ^jjb jo Ols^bJl 3-^133 Bjjjoi ftL-J bi>3-a3^ 3III C)bL-Jl 

.(LJ-c:^31-JiJ1) ljLoJ^I ^5-Lp ^J^ JlI^LoJ L^jl 3^=0 jl J3I 

.^133913 ObL-Jb OAjJi C-o-L) jJi3 i^Js- ^39 x -3 

9 

£Lo33-^-^15 ^.szaI^ ^ b.^3l3'^33^~^^ ^^-£o3 3003 ^-^*5 £^.£33-1 1 ‘^bfS ^ 

9 

(Jl dj3i^:)3 333 CjLo-jjo .University of California, Davis 3^^:) 
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rUjJAll 


LoJuft c jSLuJl ^3 ^3^ C.*--g-<^.**i jl Jl 52J .iLci-tw^ d.Q.Lp- 

ft ^ ft ^ ^ 

1^ Lo •xLi.ft ^3 ''^3 ‘ Lo>^ ^ Lud^Luf 1 I I 

^Ij^l CiULo L)jc6LJJ dujLJu^ tS ^3^ 

(jxtLwjl L^ (jj^l3 iJ-ss^l 

^LsJl» iw)ll^ ;j**^jJl L-iJj-til C-cPt-ool J3 Oi5 .dUJ^ ^Ljj 3^L) Cjjslm J33 
^ y^3j 3-^3 ‘Th^ Microbial World «^3jS^l 

joszj i3 Jj^PtU Ijr^ cbj^pws lj3i (j^O^ 1957 ^LsJl 

Ci^llll OLszJaJl ^waI 5 ■ I (^ Q * I 4 j ^^1 J^p- frlj^l i3 cjLp-3^1 

Michael ^3J3:)3:) J^obs cBerkeley JSj^^ ^ ^ ^^j3 (J3^1 

^3J3^3^ JSoLo lS 3J LoJLift .Edward Adelberg ^>J^1 ^jl3^l3 Doudoroff 
LoJl 1£-3 .(iszjljJl (IszJaJI i3 “ILpws Jj?- 1 jl jujLLwj iw-db £1975 ^bJI i3 

ciiSjbiJsl j-0 ji-oJL) ^5-b jpj-tl jujLLai jl5 iiw-olidl dv^hll j1Jlo| Jj^ 

j-O C-*.dJp3 cdJLlllS CJ-OPO .^jLiU)l i3 bftlj ^ 

jl (J^3 .(jAftLus Page Painter ju^ ^3 Mark Wheelis 
j^l djLftJS j-o J^i^Jl j^ cdjLjLiS d_ojbb4xXI j-o j^-^o^ij ^ 

•* ft 

^tbJl LjllS djlj3 JJiij 0^52^ .djbLuJl CibzJaJl j-o Cjj 3 Jj dj^l^il j-o 

J 33 ^_Q£lv^7!l ij ^j5b?t-o5 j-o_^l 45^93.03 iJ 3 j 5^1 

i Q i * 1/^7II jl d_>_L>JL>-itu. ObzJoJl i3 b-sda 1 m)\ Lcj .i^LsU dj?oj^ ap6jLij3 

-bjCi^-JJ I3 j^JLsdl 

American Society l^3J3^3j5b^ a^j-oSll 0^3 lS 

j^ Ralph S. Wolfe >^33 .(^ul jj^l dor Microbiology 

^3l cjlioo-U aptiUsl bjCzSLJl C*j 15 .y^ ^^bij5l 9-03J 333 JjlS3 ^ dil 

.^53pl bjuSb ^3l jft LoUf d-ilip^ £0131.0) L^io)lji OSlft (^^1 £OLL£i>3jLiJsl 

ft ft ft 3 

^ Sj-ooJLo Lto^3J lid I • I j3-t_co.O (dJ 3 ^d.ft I (wlo5 I £ dj jj I ^ 

Robert E. C^o'g-la^ .^3^ OjJ3j 3 1^^133 j-^1 jl ci^y>-\^\ j-o ysS 

JLP-I3 £j3«_cQji i3 bjj3.Q_Jl5 d.52-oLp i3 ^5 -o*j3JI i 3 ob-®3 3-^3 tHungate 
:dift OJ33 jl5 Us J-ol^l jj 91 j^l ^ .OLlxP33lidl io)ljJi Jil3j 
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•\l lllj 


bj\lSLJl LoL^ (333 c3.>^ C-cPt-031 US £OLLc^ 33 li 4 jl OjS 

Oil C)1 Jlj>^1 J-uJ-uJj C^o-Lc- LoJlI^ .C)ljl^.£j?Jl 

.bxOU OLtciS^I julj jLo t 4 .*w.o- 06 i 4 l L^lj oLfl-cLszj 
^y£■ ^3JuS_Jl LJlO«alII i3 (J| J-o^l LoJJij 

J 33 bJ^IS_Jl ^13^1 3)-® 

d_L-o33 dijjuo SLIjJ3 .L^i«j1jjJ LP3IJ JSl bjcS^ jiLxo lOptJl 

.MOO 5 3^» l^li [0330 iiliol j-® ■'^-^33 l_ 3 JIj 

tiblill ObLJl j-® jjAfjLpJl jsIm^ djb d_aiLui?-| (iL^ 

i) 3 «a 5 Jb l 33 ^^ 5 Us 1 ^3jCSLJ 1 iailjjJ d_cJLail 333 jl ^-^33 

iJols i^jJs ^5-*-*-£iJ 3I jLii^l iij-Le’ iJuSi Jfc3 l_ 3J33 jl j -^1 -BaciUus 
bJ^IS_JI j-0 (iLloJI OLe'3-oJ^l j-0 IJlc^U dj^So ^3*A'gJl ijOj?- ^i-uxL) .333 
L^Laftl ^^Js- Ojjslll jSU" dUj 53 .d_uiajl3 d_cj>3J3Sj30 ^_^«-all 1 Juj> SiJLj?ttl 
jl j'jt.AuS^l ^J| J303JI ^J| ^ll£?iJ3 t^lj^l d_cP-3o :^3«b3) 

iJoJ03 ciiLsJJ i )33 b 3 Lp- US ((OljruJb j'j?t.£**S^l J 1 Jl*I ^1 d_lS^ 

.endospores d_Ji^ljJl ^131^1 4^3)30 jsojUai^ 01^3 £io3LiUsl 

il^^ 16 S (^3a)3*jjJl bjJl djLoilji j-0 333 L^Jj J-03J (^^1 ^lliJl 

j3So jj 3 j 3 » jl A.ai.'gj jLo lOxpij l_ 3 J 33 ^3lJ ju^ j-o 

ft ft « ft 

OU-flibu-o ^jJL) jl jS-fi" djl jSl ^- 3 J 33 Ailftl .^i-J-ui (^j-o-Lp jj^Luil j^zjsjb dj 

.J 5 S cLp-^1 ^s-bzJ Lffj3 £Lp-3]303jS-d)l i3 d-o-^ 

Ob 3 j 5 Lil iailjJo 333 jl :jSl bj^ptii l_ 3 J 33 SUi J^3 

i)3cPtJl iuLocuSJl OUo^l 33^^ OjS £C)LLc^ 33 li 4 jb ^ 3 ^^ 52 jjl 

^3352-0 OjS (bjUSb bis^Iszj £C)b3jS.4jl iJjij ■^-3)33 bijl^^l 

^Iij| ^3JJ-b j-^ ^ISjJU 3*-dJ io 3^1 dsUaJl l^AOjUaio 

3^ £ji>-l 3 ^ JljIp -1 ^3^3^ j-^ bUi JjzPj (^yi>3 .(CH4) jLiJjl 3^ £^^13 3 ^ 

ja 52 j 3 3I £(H2) j^33d'^l 3^ £b-Jb 3!-^ 3I £(002) j3)jSJl J-£.**S1 (jb 

jl Lajl ©3^33 ^—^33 <^ 7^1 .i 3 j 3 -l d-Lcsz-o iljlpto J-0I3P ^l-XitLoib 0^b?Jl 

ft 

3j2i tjiR-o S3^^^ Lt^ ‘S3^^ ^^3^ j^ ^^>3)3.0 idJ3S OllxP-3jLidsl 
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OLSjJjl j-o d_LLS2-o 4^9 tCoenzyme M 

joszj JaLijJ ii^Ua-o 4So CjUrjj^l CjU-c^ Jlszj .cocnzymes ^jj^l oU-c^ 
.jliooJJ O^LoiU ^wJjiJI i3 liJjLitj .oUrjj^l 

4c>6llj \SJ^ 0^ 0^ l]35-***-o3 ^J3j^ 3^3 

cLsZ-ol liUi l3 ^ ^j-0 iJUJl OLlcJl ^j-0 JoJlSzJI |3 L)^J_al OLxP-^jLlJsl 

j 3 >-] jl^ ^5l i3 ^3 i3 ^1 ^ 

\S 3 J^ bMc>- j-fllflli cdUS 83^1^ .dv<<loll i3 

i^Pavll ^UJl ^ j^3J ^1113 tpeptidoglycan jl5^^3Ju^l (^^-o-^uj JS^ 
4xpJl OLjISLII d_c<iJ ^ £|^y?-l3jJl OJjis j-o Js^l tC)LLc^33liJsl -bjC^LJl j-0 

OLx:^3jLld,l ^JSJ .Li_£5i cLaiil^l ^3£?tl*uJ CJ^3 1 Jl^ 3 £^3jJ2-tl 

JSLAj 

d_cL^l3 j-o iJliJl CjLLcJI j-o JoJlsJI i3 

JJa i3 J3^1 £j\Iidjl i3 iiLslI j-o jl5 cObA^b 

4j2ijlS C)LLc^33liJsl 0333 ‘^-^33 CiLoilji ^^^3 i3 CjIasJjI 

^ ^ ft 

. j\-kaB J.-Lptj ^ Jai i-M*. j ^ L^t ^J^ ^jba 3£?Aj 

dAip- iS 3 ^ 4l^b?w3 ^j-o ^ Mjbb La^ bAptj OLLcP-33Lid5l ^IjyLuil Ji;3 

.Lj>3J3^3j5Ld,l frU-Lc- ^j-0 

jls -O, -1,5^ iwJLla J3I £)jLl£-b3 .^^jJiAjlj Jj c^i-fiiAi?-! C^£-'g-Lt£' CjjJ^j 

jjiJl ^ jib ^3AII l^3J3^3j5^1 ^b 3J&3 cC. B. van Niel 

C^<-‘g-I-a> Jbs £(j3-«aJI ftllJl iuojj OIsLuAS^I J33-***-Li3 o-> 

.... . ^ .. 

IwA^UO-O) i«C-o.sA(Ji d_AilJ» ^5-a)b OjLa (^^1 iwxJLoiill j-o £b3jcu^ 

^3^1 OIAsUsI j-o (^ib (^y^3J3.*J3j^^ 1^ OLl*i?-3jL!LooJJ 4pt£?-LJl iftljjJb 

j-o jbA) L^bp- Ja_^ Iw^-oiLaj (^^1 i*jl3JisMJl OIAcJI j-o bbjrb3 jLibMJ 
L535 ^ b-t^'3-^ L-ooJJ d_i_a) LL^ I d) bt-tJ I O^ ^3''*'^ ^ bj& . ^ A.(ij j\Pl.cuS^ I 

bfjdl (jbz.*^ i3 ^3^3-tsl jdaJl ^13-tsl oJjJi ju j-o . d_LLpAj i^bll 

i^3_ai dAo ^ jbJI j\Pt.«A5^ill ^ActLtuJ Ob3j5bd)l L^jlLuA) C-*-cP- 

Obbi ^y£' dJ33_tu-o L^l US £CjLA:^3jliJsl j-fiiijj dJbjJi .ijbJJ d_LLb Oly*SjJ 
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•\l lllj 


oJjJi ^j-o JLpLkfll^ ((jti4jl) 

j-0 C)L-o 5 oLxi^^jliUil cfiLaJl olS C)UI^.*i?Jl3 iL_.iiU,l 

^^oIj dj (3 L«_c<o<JJ 33^-^ ~ 3 ~' 4 u^bJl U}l I^Q^^^ (.,7^^ 

c^lsJl (3 (jt^^l jLt 5^ Licptij (^^^1 d.x^U,l (jl JJii 5 ?j .jCisL^ 

d_t_a)L^I ^-cuJTcJ ^ ^yL.t-cuS^ I (3^ L)~^d,xx 9 i^ 3^ 3^-^ 

j-wLJI Ll.<^J^V.<> (Ji-OJSO dLIjS^ .(^^LszJI jljrC£?-^l SjJblJi i3 (JILc-O-U 

^j-0 ^jSJ £^ 5 ^ 52-0 jLsS (jliUjl 03-^33***-® 3^3 cLjLsz^t i3 Cjli*i>3jliJsl 

d_;OJ^ Lmoo 4 _m) I3 ^ ^ ^ ^■ I ^ Q ^ d_i_a) L^I ^3^3 l 3 I I 

^^iajJb £ .(^LsJl Jl 3 ^J 7 -^l ^ (j-03 £^[52]! ij jb^l ij [Sj'^^ i 33 ^^ jL^l 

d_AJ^LM«.X) ( 33 ^^ 0^ ^ £ 4 JjL^I Iji^lj.f'l ^1 

oLLox- ■ j^^3 ^-^^3 CJLxp■3jLl^^l C-o-rJj^ <uiij Ij^-o 

JuoJ^ .Jj?W 3 Jj?ij ^3JJ1 jju^33ujJl jLp j-O (jl 33 jLj Ca^^sJ 4 i^Ls 2 Jsl 
diJs j-o jIjI JS iLs2.*I^l . J_ooLalIb 

,^^.<*03 dJLofljii ^j-0 3^^ ^1*33 (3 0-«.gJjb l^jo-bsj djJ.JLff*- (__32>3 £ 4 x 313)1 j\:>33^^^ 

OLlx^ 33 LiJsl dj^ 3 b?w 3 3 ^ £djUb£ailx«l Cxx■'g-La^ IJj LoJLif' .jx«_aj^l 

3 ^ 33 ^v -*-*-11 jL^ jl LtiiJl3 3:>3-b> j-^ ^^lsz 3 Lo jLpj^ .i) 3 ^Ii>w 3 ^313-0 3 

jl 5 J (^jASo Lo - j-® 4IJ-0 CjLooS b3L^ jil^ltl LxS2Jsl 

Ll 52 -L 1 3'-?'3>-^1 -^4^j 3 J3b?ij jlS i^^l <ixx«L«j?Jl dJijLs oLix:^3jliJsl 

jLill j^j-€ 3:>3-t> j-^ dJJLp- Lo 3 j 2>3 £ j-0 LoL^ LJL 3 dls2:^ Jl jlo*fol 

dlo^.tl^ 3 -J 7 t*«J i^jJl (jjL 52 jjl J3xtb?tljb ^_Q 1^0 Jj 3 i 3 L7?'^3 ^3^^ Lx 52 jjl 

tw)33 hJ (jjU Sbl ,^3 £Bunsen burners jjjj jil3-o j-o iUJ^ 

^1 ii^LoJl ^ 1^3 3 ^3^3-11 30^1 3 3^51^3-0 Cols' Rube Goldberg ^3 jjJ 3:^ 
JL523 j^Co dJjjj 3 i^yLjUsl jAjTtxuSSll jj^xwjjl jx»b?tlll Jx-Laij .^33^13^ L^ jLi 

■ j:yr 3 jr^l 3IC j-o 

£Marvin Bryant CCjIjj 333 G 3-0 ^oJL 52 j J3 1^33 3 ^^ 

^33J-J| d. 52 -oL> 3 3l-dSll ^3 -Lc- ^o-£*x 9 Jl JJiijl Cx^-g-L^l iwJLb 3^X53 

hjs^-lu^ .University of Illinois at Urbana-Champaign 3^bi-bb33l 3 
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rUjJAll 


Qji tEileen Wollin JJ33 Meyer WoUin JJ33 ^Lo 
(jyiSo U-0 chj\^ C)L-o5o 4 X-Ij 3 ^3-® *^-^33 cLajt (jU^l 

cL-cu^I iw-oL?- i3 ^jLojIjJJ bMitJl 3)-® OLociS 

.methanogenesis , 3 i 3 til 


51 ^ dJlifl JLkJI 

Discovering the Third Domain of Life 


djjlj^! -LiLiJa! \j)^ ^ 3 ^ d.iSL^ (^^33 o^-^i 

cMethanobacterium thermoautothrophicum ^Jl^! 

333 ioL-o-tSJl 4 jL*y!j^ t 3 ^ 3-^1 

dji 3-‘^3 ‘16S bjJl jja£>diJ d.^iSo C)L-ck5o 


LoJli^LO 333 Oll*:> 53 LlJal UjJl LUa-ui Ja-f jlS 

'^3?'3 ^J| L)j\ISLJ1 3)-o i3^ l3 ^'^3?'3-^^ JjbJuo 

tiJljji) OjIS tbjC^LJl dLL) j-o 16 S bjJl LoJLif' .dj]j£>] 13 Ltii^ 

blJa-«i liJLiji* C-JI53 cL|l^ ^^3:! 0^ L7^^3 d.L<jg.o 8j.<.A-o blJa-«i 

3)-o SJoJli^ (iszBJo CJo3jj iwiJ33 j-® *-Lb -J-^ ^^33 ^ ^ SJoJli^ 

(jl Sj-tl ^3 j 5> J33 dlj^l . djIj^l 3j3-ai Ja-ojJI Sjo Jlj^I djsSjJl Oj^Jal .b^iJl 

bMi»JI ‘gbsls 3 i? 3 j iwiJ 33 j^\ .i)lj^l jJb bMiJl jJL«a-o 

C*jl5 cbjUiJl J3-0 3Jl*j C*jlS .1^35^ L^l iwiJ33 dj J^l jju?- |3 £«bjuiJI j-o 
^J| dJiMSJ C-*-^ ^ :^l3 dJiij 333 ^ j )0 tiiUi Jlszj .Sl^jJl ioljo ijj bisbMiJ 

dJaiPsUl (iUj i3 dit twiJ33 dfj^t £,^^Usl ^J^ jJallb .«dljtj ^^1 
OLx^^jLiJsl ^ toLpJl JlJlill 

^^Js- dj^llj i?!y<aj 333 ^3^3 .LoUr LqJIsxlo L 1 c 3 i C-Jl5 Jj cbjuSLJl j-® 

^js^ jJLs clJaj^ {J^ ^ ILSi (jt LoJ 3£-» Lii53 .dsbiLAS^l <iooj2il J3AII 

1JoJlj> MSwoi bj^ 3)-® bi_.il5l 33 bib (33^13 33^13^^ 3^3 .ilaLuoJ dj^lj^ 

.«SLtpJl (Jl^_ail 3-0 
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•\l lllj 


Linda J. Magrum plj^Lo IjllJ g-o j333 ^-^33 03 ^ 

UjJl j-o ^jiJI William E. Balch (jiJb ^1^33 

OLx^^jLiJsl j-o isolates C)lij.ai.*«-o 3! ^^153! o-® l(^*^'?tS3 

ISS3 16 S (,,7''^'*^^ cLf-L^.^} .yXL-t^' ^^LLo O-olS^ 

djLLiJI j^3-o ^IjLCtLwjL) .aJjJiLo ^lllJl Oj15 -(Ljj-U Sjis-«aJI icC-jAll SJlp-^JL 
Oli^j^^jLiJjl oJj5> 4j1j^JJ LusS IjjjJij CijUif-L) ^ 33 ^ (Sab) 

4jljiiJ ftLij l^Juo-c- cLjaiSLJIj ioJiiUjl 


.^L 



^J 33 S ^^"^333 i^yi ^JS Lbj'^ ^( 8 ) (J^.tV 3 l 

oLmmS^I JI ^LJI dJub Ot^l b^;C!^l jM Lb^5 jLt»^ dJj^^l ^ ^5j^l j^lsu 

.dL^I j.e liLLu ^Us/I 


4_Q.>c<0 ^ I 0^ 1^^-caJLo L<.*AC- La^^-) Lxis 1 ^wa1^-ui 

0.25 L^1c.< 3 i^Ul djLijJl Olj^3^ i3 (__^1 4 j1j^1 Jl^sIiC' j-o 

^3-o 3^^ LaO-C LiL)La) Ij& 3-^3'^ L)j\A^_tJl ^3-o ^^3^^ (waI^-o) .jri51 3 ^ 
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rUjJAll 


djLijJl 01^3-0 3I 0.25 io_ju djLiJ CajIS (^^13 

.0.1 3£?ij j-o ^iUs Jsl Oj 15 bj\I$_JI ju ^\ c j-vl*ov!l jo 

L)j\i$_Jl jx- LoUf (ifiiiios oLxi^^jliJsl Cbl5 coJjji iw)Lui?Jl tiiijjJs ^biib 

.Lajl fixPtJI CjLjI^I ^J3 333 

i9 

bjuSUl LJLJj<aj» 313^50 <Xj!is>o 43 j 3 ^lllJl CmOcJ (1977 ^UJl ^ 
Ol^ssific^tiori of ^^ 16 S b^J) iw0->oO3^ ji—> c«.aJJ 8'AJ3>(9I 

C)(Methanogenic Bacteria by 16 S Ribosomal RNA Characterization 
Proceedings of 6Jc?citI C)W3J1 j (»3l5dJ i^3JI iL^-o j 

.the National Academy of Sciences USA 
j! 33^) jja 3I ^>3 ( 4 .uv.tt> 9 l d^L) (Lls>o d9j3 l^l 333 

L^j ;_7^l3 (dIsEjjJs dlij CbU .i 33 iaidl ^ 3 ^ Lii 33 Lo Jlo- (Jj LuiLujp- .Jo>-! 

d.dc>tJl 4333]! l-dlj .iojLuJl 4 jI 33 _wJ -0 JlC>-^ LuS-Lp ^UjS>| DjuPI U> DJLIuiI IjbjjP 

3^3331 ^3dio d_dAP dJLuijJl J.ij ^3-a)3.UjIJ 3 -® 3 ^^ ^ 3 ^^ (i^LwJl 

3^ L7^3'?3^ lJ ^^^ ratchet di2LQ..M«JL) 633^^*^ l3^3po 3-^3-^ 

3! 333 CcJ ( 33 JI 3 (lpJu-03 Ia 15 !-o 3 I^Sd^-o dj3L«! 

.(333ialll ^ 33 ^^I 3 CulS^ 1^3 iJ^I eiij 

cLilP J.P£?- i3 djLuIszj 3^djl .ibLu^ (^^-o_LsJI JLop^l ljai> Ji-o 333 di^L ^ 

•* •• J 

CA(-Q.'L( 4 .t| .1993 ^LsdJ i) 3 l 5 jlJl 3UjLLai Sj^Lpws Iw)Lpp -1 i 3 lI jvi-o 

ft 

JLoi (ISUi .d_uxPj 3UjLLai oJiLiiijl 3-® L03-0-P Jlo?- 3i?d i^Js- 333 3 j- 3 Uw 3 

Jlszj (3^ (UpIJo^I 4 jj 5 ^ (^^-o-LsJl JjJiL^ (cLioJl 333 

JlLo djljL^lj S 3 \ 33 J 1 ioo-LsJI ^3 ^Jp'3 djjlycsl LoLp 23 333-0 

cL^t ^3-0341 Jj Jjalll J-0I3J g-o .3-i^ jl 333 jgh" (4* ^ ^ (jo^Jl 
dj| JJ (dj3L!aJl 3 -® ^woL^l 3 -® 3^3^- Li>3J303^^$_Jsl ^Ip 

.331:^1 3-® LiLp-^ Ipljoj SjoJli^I 315^^1 (jCp-^l joszj J 

OLx:^3jLld,l J3P- dxiipsdl d 333 Jl J-^3 (CjL-ui^l 3-® (i2UjJ3 

cLaiJl3 ^>3:^1 dp-!iLoJJ d.jJ 33 Jl 831^^1 ISjfuioo LsLpt-o bLj333 3Juol (Sj^L-o 
d^3Jl d.**^3tl3 National Aeronautics and Space Administration (L-U) 
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•\l lllj 


jUl .333 LsPi (National Science Foundation ^3152!! 

jSdJ i^llszJl (jl ^ 3 ^do :43 j 3J1 i^-d| C-J- 03 J ^LuJl jjl> 3 i^ 
cdd£?tJI ^ 33 !! i 3 '■^jLdo 3 -< 2>3 ^33 Lol .SLj?JI dJLill jj**_*jjJl 

ft ^ ^ ft 

^LszJl (^j-o-LszJI J-^ ^ i3 j-^ 3-^1 0^ LiLp-^ 

3cLai| (jl j 5^3-L1 j^ (tiilL-o Idfii i3 C-dlS^ L^j .J-ol5 Aift Sjl 4 U-^LdiS^l iooj2i^ 

. j'^-d j|0 L) L3I j 1 jj l-‘*’3 

iS 

^J| j^^LwJl jd-ailjJsl j^ 4 _cajbb oLilSwo dJj Lo jLftj^ 

djL) 'w3J33 ^J^ 333 jL*-dl J3-»aptJl 

I 3 AJ 1 j L_iJ 1 1 Ajfc . C LlPcJ 1 (J l^-a) 1 (j -0 LxJ Ij LO-dd 1 ^jCL) ^1 j 1 ^jd-oi 1 1 

diPt^aJl jJ 3 LLP jL*-*Jl J- 03 I c j^^Lpt^aJJ juXl j ^3 

.1977 jyj 33 j 2 i3 

(News-Gazette Co3l£'-33jj ((33iJl (1 j1jj 3I ^ ■iJpJsI ■d-dpu^aJl J-s^s ij jU 

dJlj j^-ui (^^Lp l.9j.5CL) ( 33 -dl <isLa\s>o t^ys>o jl3AP J-o.pt 9 Aa Ap- (Jl 9aI5!-q 

UiApA-o \j\^ Uul New York Times 3^1 j ^33^30 dJu^pua Ci^dj .«BLpJJ 
oAp- (Jl Lap- «L 1 s 2 J 1 d_LpJl ObjlSdl (jj-uo oLpJJ ^ISdii cUlsJl ((J3^I 

Ojdj L^3 .tUSLo 1333 djjsjj 152^)3 «(j*>lAjil» cIap- 3^3 3^3 J3^ ^J3-*^ J-® 
W3» (Os^ jl3i£' g-o B3IJI (3^3^! Chicago Tribune 334^^ 3PlSj_(ii 4i_(pto 
Cj^^uo^I «?(ji' 39 I (^Jp djjpjj-o 4 jJu ^^3 .Sl- 4 jpJl JlSLtil ^J 3 l (Jl LLL03J 

4J3I3PJI iolidsl IjjASjJ i)33dp-l 3ljl ^JS' jfCsu ^» :(3 uCLo 3=^ 4 xp-L«xtsl ilLoJjl 
.«A 52 J C^-N-uO A 3 33PUO (^1 jSj ^ (033!! liUi (3 i)A^l ioli 
(Sjr^l j-o apJs L^3 (L-J-ui jlS (^jjo-LsJI gjoApJjl (J.523 3 j jl j-o 

c^dsdJ (J^AAj 63ddl (3-*do->JI IJj^ (Jdo (_^Jp3 3d-dl ^LpjJI 
£ j 3333 y 3 j 3 . 4 -o_Lp c.^^3 ^^-^33^ J-«2 j1 .ASj^jJI (^^jo-Lsdl JLcdl C)ljl3jS' l§jB ^11)3 
i3 J-*-o 3 3^3 ^ J-J3J 3 ^^l Salvador Luria 1)33! 33JiLQj_wj ^5-3*3 j-^ 
jp I33S (^Llj jl d-cc-Lsdl dAilSwO dptLoo j-o djL) ^ 33 Ap -3 £(53lJ| <l52.oL> 

d_Lpd,l i 3 C 33 dAisl ilLiLtl IjJL) jl 1 ) 33 ! (j -0 l_ 3J33 iwJis .<ij2i3l52Jsl ^5Pl3-tsl 0 Aj 2 i 

.Aj3\s>ua}\ jJ3liilII (j*oJ3 
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cUj^AII 

d_L^l i3 JliUsl ^ c^LsLpt^aJl iJaxlII g-0 ^jLjLolji jobLj i3 

i3 C)Lx:^^liJsl ^_Q * I jjoslj jJ djl 3JwJ» Jjl52-o i^JS' 

liUi i3 Lff) bj\I$_Jl L^l L^lJa-tl 

Lffj OLLc:^^liU,l>> jb g-ol^I-o j^So ^J^ £«(^jjJsl dl^ wJLpJoJI 

Jw_tu51 ijLl) (^^1^13 <1*5 11*535 i3 

j 3 Jnl!l i3 bj3i?w3 lj 3 ^ C*-4 *ijLo L^j £iiiJj5 j-o^l (jl5 1 S |3 ■ 0 ^ 331 * 4^13 03^35^1 

.«tw-*535Jl II4J ^iUsl 

33L?cIj olj^ jri 5 t 831^3^ Q*S^ ^35^ ^lb-033 333 liol li>l3 j-^ ls2-> 
bj\^£ 5 _tJI |^^l*^ 3 lx 9 frliLoj ^ d_Lljol 4 l iAj3^l L^- 4 ^I 3 j^I 

;Sl3jJl OLjIjj i^liall d_lxj>3J-cQjl d_3-Jl» (jl3l52j d_Jl£?!j 4533 i3 .OLl-cj^33LlJjl3 
Phylogenetic Structure of the Prokaryotic Domain: <<4^3^! dUU-tl 
a^3Jl a^il5yi gjl33 ib^ ^ Loj! Cjj^ 1^)3 cThe Primary Kingdoms 
(^3^3^jJl bjJl jo U-^3 LAa ^ 3b^ b2^3 £d_5oj^^l Slptlil C)b^3Jb ^3ls2JJ 
CjLjLx^jpJ ( 18S (^j;33^3^jJl bjJl) j^lSUsl ^Ji OLi*i?-33LiooJJ 16S 

C)Lp3-oj^ 1 j-^ jJljo-o jo3 jAjjji^l jjjji) jo b3l3 Il5j2i3 

jl tOJji) ^i5b?Jl d_L_ui3 pljkiCLuib dit lli>33 tlxpJl C)Lj 15JJ i^w-OjJl 
L^l i^3^ Jl C>Lj 15JI g-'-o-if j^^ biUf (ifillios OLx:^3jliJsl 

333 c^LuJl o 5 j 2 i jjjjLuit i^Js- .Sjx-oJLo d_cP-3J30 ip3-oj^ j 5 _(io jt 

jt b^-jrCsl (^jlll3 c^uMuOj OLp3-oj^ Cj^ j-o (^3^313^1 ^bzJI jt 

jt djb \jsdu^ .urkingdoms 3t iJ3^1 dUU-tl i^j-o-iuj 
ip3joj^ cLiCoib bjo 5^1 ^l3jt lihi J L^) eubacteria d_oi.JLpJI bjo 5^1 
C)IJL^3 £(013^3311^1) archaebacteria iL^l bjaSLJl3 £(oU^ 33 liJsl 
^LoJl JO3 - Ob 3 j 5 _ 4 jl j-o d_o?sJl oLj 15 LI 1 eukaryotes 3I31II 

.(jOdl Jl - 010^3^113 

jj^Ljt ^Jp ^SUjJJ Sjiitl ibL^Il Ob^liOai^l ojdji Jl i 3«53B3 333 J-03J 
Olj^30 ^5-^lo3Jalo ^lliCLoib .iiLsJJ d_Ll*j ObLo djt cU-bJl j-o JolszJJ Ijo Lo 
SI3IJI OLq.£-Lo- j-o dj^b I333I9 £Sj\A*iaJl d_c03-af3OjJl dxPj^l 011 j?- 3J1 djLio 
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•\l lllj 


tbjCSLJl j-o iLai3 ((iijLiJl io^jLiJl ti^Jl tSj^uojJl) 

JS d_cpJI OLblSUl ij^ djbijJl CjIj^J-o C)33L:^ fiszjjl^ 

j5o ^ i0.20 (oLxi^^jliJsl^ £bj\i^_Jl3 £i53-bl CjLtuii?-) Cj^ibJI OLc-^-oj^l j-o 
. 0.13 Jojj d.^l'L'^ CjLp^-oj^ j-0 d_cpJI oLbl^l ij'-’ l)-® 

^bzJI d_Jj ^J| LoUf bjjJoj jiRj (jt 333 C (3 

CJjb ^ .pliij^l j-0 Sjys-o 4 £' 3 joj^ jo d_Ll*j Ols^lli^l cLj 
^ Ijjij jt 3 Jlo . 33 J 3 j. 44 Jl j-0 ^li-o 2^-*-Il j-0 C)l 33 A*£Xo j-o ^^b 
il:)! jh:'i C)UU^i^l» Carl Sagan jli^L. Jjl 5 il3iLo 

^Lol Juo-o tjr^ LbLo jl 5 LS'jJl 333 ^^3^^ .« 4 jiLp jr^ 

dj jlS jt ^-013]! j-o i3.*3Jl 1I1 j-o ObLa-^33 j-ojJl 

^ ^ ft 

^woJ JjJi -CjjL^ \^£p 6 ^ ^ ^wOj^l j-o j^3 ^J-J3J d-Ji- |^3£?tl*«j job 

fiioljJl j-oX- 3 £2012 ^bJl 3 333 Jjl^ 35^ ^b3'^ iiz-o-tuJI 3^ 3b?t-iiaJI jLJI 

. ^^b^^^-LcIl jlJpj'i.uJ £(joLo^l3 

jo j-o £d_J| Lpi 33jl3 £^>i^I U-^ Lo-Lc- ^33 if-Lcoio 4305333 333 
d 5 j^ 3 dj jJ jjo.pt ^w *.*5 33-tl3 iVIax CSablc jo_t.p 43u5Lo djo-oil b-t3 j-o £ jj^^l 
i^LiL) d 13^... 1 j^Lo jL^-(iJ-ail .«iiljbLo 3^» ^j3jUi1 J3^I Lo .DuPont 013)3^ 

j\^ ObL-JI Jji>L^ Ju.p Lfi>j 3 >-b 3t L^JjSjL^ C)Jlj> d-o.^] OlsLu-ojl j-o 

ij^3^3 333 t3^3 .iiJwJ^lII d-o5b?JI ^ li*jLo Lojbzj Oj.^t d5z33lisl 
Oj\P3 £i)JLJJilIl d-oo-bJI io5b?Jl ^JlpsIj Col5 £L^Lj i^JS' £U.^bbj jb 

.i^Ljt 3 i? 3 j ^bJI Jl bjjJaj 

^sJisz-o Jl 3 i 3 .,3.05333 333 ^Ijr^sl i^yLJoialll jjl3lJl tjw-o ^-*-^ ^tp-l3 iiIJj 5 

** j 

- Animalia ^13^13 Plantae - jb 5 J-o-o Col^iJt ^,jbJl 

.L^lo C)Lp 3 -oj^ Jj £o 9 Mli'-jl OLilSUI j-o OLp3joj^ ^w)b?.£.Iotj 

£ioL?JI L^i 5 .Lo-o 3 ^? 6 ioo L^l 3*5333 333 L^iP Jls £OLxj> 33 Llctl Co 5 
j-o ^^t L^j-0 o 9 j. 52 J j 5 j ^ C033JI liUi 3 j5J3 £U.^bb-J lii33 LoUf dAilios 
jbjA-Stl urkingdom jliiijLiJI jli 5 J-o-tl .bi>3£?j 3! Jaiii jUio-o 

3) iLoJo?ttl dJioJjl ^133^1 j-o jo^l jo^ i^Js- (33III C)L£Uip-3 bj\l 5 -Jl) 
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cUj^AII 

1^1 dfLijb (jlS Jji> oLjuiLp- iILp- 1^) ilLp- 

CJSboi Jj 5> Jjli^ Olj-w^l ojl^J d.<.Q.<.L*Ai dJai>- i3 3I 

ij**_J3 SSbiJI CjLjIjo ^j-o Sjis-o ^.cPt-o 5^^=^ oLxp-^jLlt-Ll 

5 SJoJlc>- 4 ^_Lo-o 

dJU^ d)^ j-o lAIJ-LI 333 ^Uaj ^JlO 
ojL^b £^^33^0 (^3J3^1 ^3^3-0 JJI3 cErnst Mayr jjLo Cc^jl 

Ojdj ilLp^ i3 333 iooJbt 4^ji33 £L^jJri.'gJu:i3 (j3l3^ jr^^ 

^bJl i3 d_£5oj-o^l SJlpsIJsI C)b^3Jb ^3l52JJ gjlS3 dl^ 1^ 

JjlS '^33 d)l3L^| djUj i3 LbjP-o iilddl i3 ^jLo jlS £1998 

.SjJlpJI d53$d LfiiJLSzj l^LoI £« 3 joj^ ^jbLI L^LdiJl dij-Le" 333 

•* ** ^ •• • * * 

«5dJL*3jJl d_cpJl CjLjISjI 3)-o OJoJli^I 4P3 -oj ^1 cJjJi 5^ 0^ 

bjCiSLJl jo (SI3JJI ioljo) dSjfuiJjl d_cL?JI ijj jb jjLo j-szJy 
JJaj jl Cxxpij iiLslI ^133 Ojl5 £t33^^1 d_cpJl CjLjI^I ^3"^ 

^bJI i3 U-^ L3jrC52-o dfbjij 03^0 C^xpij £L_£Ul*£aj dJa^j-o 

.Eukaryota (il3jJl C)LiL^3 Prokaryota 3I3JI OldlJo Uji>3 £(^315^! 

djb ^Jlp djtj ■^_Q£i*<a7!l d_oo_Lp d.dsLLe' djtj ^Lo 

1 ? 

Ls^l dj 3JwJ ■dJ3Lu.Lo iilSd SI3JJI C)L_£UiLp-3 g-b^ jl 

3j2i Jwj?JI d_c«jLai91 JLP-t» ;(Jl3 US .i)3LuJoo iilSbe* (jbsi-oJL) 9 

3^^ Jlc»- (JI j-wjI OLo3l52-tl ^L^yLuil jl lS'^^3 03^3^^ 

i)3LuIxi £3 )S-o-o 3JJ i^gsoBb £dJ_L52-o i*J3 i3 l 3 Llo 91 OjS 13| 

b3\lSLJl 3)-o ^3^v^l 333 iJl £gi3l3 3^^ 3-)b3 

bjruSJl jt Js^ ja^^:kbj3 .archaea ,3 jIi 5J1 Jl archaebacteria 
^JP' cLiL)9b ■■■L^i£-o-£uIi 333 '^Lpt» :Jl3 £(3^391 jlS_ui ^JkSt 03^ ^ ^ djLisJl 
k_3JiSo i^jJl - bjcSLJl - jL^iJjl (335^11 Jji>L^3 - - iw--ailitl 3^ 035^11 

.«Sl3jJl ioljo L^lv.£.Ja ijS> 

3)5 o ^ .L^-^w-Qj d_L^l |33 d^l3 3^di J52j Lo Jlp- (JI (IcoJaLp S33-0J d_Jp. 333 

f 6 ^ ^ > 

dJLu-0 3I3JJI C)LpdLp-3 bjoS-JU i)3LuiA iilSbo ^J-o i3 J-*i*_£lJl 
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•\l lllj 


.L^.4«_£lj j^Loil 5 ^^ ^_Q n'A Jj c phoQ LJUl^allb 

g-o) 31^1 oLjiJLp--31^l oLjIjo SjuJ^ ^J^ j|» cCjujzj 

cLp-^^^^jSb-Ll i3 £(j^l JjU-o tjj-Lwj joL) L^ (tiiLILszJI dji^UJl 

j^Jalll j -0 ilLpJ ULp- jjdipJl MS 3 - Lajt j^Jalll iwjljJi i 3 Cj-tl C>jji> 

d.<.(L<.<.<A<.l I JwoJogj L^'^J^.rt.tJ 1 ;_jiA.(^ILM4.iO b)l IJj ^_)33 ^1 ^-*-***-*-^b 

C)Lj| iILp- C>jji> (jt cj-Ll ^jJaJ J3 .(^LlszJJ ip-^J-oJsl 

;3 (jjl^lll ^JlSSJ jSl J^ tidUi ^3 

cLa^-^l ^j-o Joj-o jrC52j_«j dj! Jlp- t^Js- J_Ji '^ 3^3 03*^ ticLpc-tiu 

ibjAtl i?- 3 Ual CjIAJ! IjS^i 3 -d.Q.^I.'gjl bjC^LJI 13 ! (lji)lj?-j^3l i^UJI dSlLo-oJJ 
;j jjJsip tbjoS^l j -0 jji52j CJlS” tCjlj 3 jS^ cy^i) extreme halophiles 
(^j.axl^5l ^lo-tsl iiLo_t*Jl 3 J 3 l£?tlsl liUS ^ L^ (■ip-3li5l SjaJui CjIIj-JI 

tOb-t5’-33ljL»-L) JjLq cd^^JU.! Oli-JI (J^ Bj-oj ^3 ju?tuij-o eLtAf-lS 

.bjCiSLJI ^&ia5s-o ;3 b!iL?JI jlj Ju:^ JSLtu t jlSLii:- 3 Julu ( 33 j^I (J 1 

CilAJt CaIJI jJLI . j\lJLpJl i3 ^ 3 ^^ jj^333 333 jl 0-3^^ C-^Jt 

j-o JJs U-o d^liJl d^-Lo-Ll i 3 dLaf-lS dJjJs^ L^l J.52JlJb ^jAisl 

^Jl^I cLaf'^1 j-o JoJlsJI ^3^^ ^*^3 1^3 jJJL) 

^-0 bi> 3 -ff (iiijlAJI , 351^^1 d^_Lo^ J-ol 3 j ^ 3 -* ^£- 3 -*.;^ i 3 

jt lj\i>-t jJ3 C*xP- ^J| OJiLp ,3 j 1^^52JI (j^l .iJLC>- L^biLASl 

3 biomass diiSOl j-o ^U,l i3 3 ^ (j 3 l^_(tj j\52-oJi£?w3 Lfisc-Laf-l 

.jL*5b JSo d.*.^ dJijLfiJI d^_m,l A^J .^bJl 

CiLiJUaJI 333 (^3^1 djLisJl bjA^^l iailji 2"® 

d_^3J3So^l3 io«aj^l3 ioL-cu^l OlsMlc^^l 33^123 iOLl. 

jU 3 £?Aj «d_Q_A5Jl b3ASLJl»3 «d_ciLiii?tJl bje^LJb) ju di^ 

jjLo OlJiLiiljl j -0 ^jJl i^Js- cU-^-oo-oil 3 «b 3 ASo» t 3 jA:^l ^lia-oJsl 

Sjuico c^LkOo L^biJ 333 £ 33^1 Lo d_cc-ujJl OaSI aJLI .^ 3 ^^ yS^ 3 d^ tAj cd^£>-MJl 


LcAJ 


jUSLiii LbLS^ d_cj?JI oLijtSLIl 3 ^ 3ajA-«i juft3-oj^l joLs^ jt 

.013313^1 j-0 <l*u-Qj ^3-*-tl j-0 jv-Qll 3 >t« 
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rUjJAll 


dfjLo^ Otto Kandler jJjolS o^Lsziib Juo^ (1990 ^LsJl 13 

3 Ijolj lj3^ jJjol 5 iJ^jLo A£] .cU-ai 91 ilLu-O 3 J-bllll (J| £,j«_Jj3 

3 cdjLiszJl bJ^I^^b ^bzJl ^^^52-0 

«bj\i^_Jl» j^Sbo ,!oii n* ^ jt iijMill .«ob3j^_4)l ^l£-» iw)li5 3 ISjLioo LiJj-o 
SjLilS' £^3^3 Sjcs C*.fS ,^1) archaebacteria «iL^l bjaSLJl» hJS j-o 
jjs) «archaea» (archaeobacteria IJibb £4^9J1 ^5^1 Jl 

bJ^ISLJl» 3 ((j.q.<-Lc>-) -eu iijLof Lo £(«3'ci£'» ij-JMIl 

^ ,^y?Jl ^b2JJ iijMill CJIS3 SjoIj «eubacteria» 

£cU-ai9b 333 jl5 .(^33111 OLjLJLp-) Eukarya bjl539l3 bjC;S^l3 ^3jli52Jl 
jjAi-oj LoAic- 1987 ^b2Jl 3 C-oo-b2j US cSjdS i3j^l c-L_ail (J| ^Lb9b 
^ji ji jS .Microbiological Reviews 1^31303^^5^! C)b2:^lj-o 
I^j! L ^9 CjJ] (^13 cBacterial Evolution «b^;uSJl J3iaj» jl3^ ib2:^lj-o 
4 .q.Co 2-!I bjCSLJI ^tojJj d_L^I L-)3J_ail jS I5| djb .£l*S.^5lS iipo 
4 j] dJ CjjSI £^33!! ^3^ ^arcbaeobacteria \Mjb 

.bbJO^J jbx^l 

^5lill ^LuS^l IJoJl:^ b?tIiiOLo Lajl 13U-JJ33 jJjoS3 333 
SjrCs Lp-3J3.fcdl djcoJ^cCLoil (3^1 £^iS_Lo-l5l j| .domain i^LlajJI :3UptJJ 

Jlllb3 .(jlUll! Lpji U-*_i«^ CJ3Ll£'b £tolJ lcCLaiI jS-c £4Jj3i3 

.C)Lj 935!I3 Cib^^JaJiJU C)bl3.o?Jl3 ObLlII :SLIU-o OLq-jLp- 

^5Ja52-o iwob?- 3-0 3^ JIJlp- (33^ 3^ CULs J^B CoLp-IjiB^l 0Aj2i 3^ d_3j2iJLU 3^X13 

.L:>3J3 -cJI frU-Lc- 

.SLpJI 3b£a^5!l3 ^33:^1 (3«-*-b33 jJjoS3 333 ljSji>3 
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5 


^ I 

InLiUorl Jl 6pjjuJI jgin 
From the Tree’s Roots 
to Its Branches 


d_s2.*.Jaj £ ^3-® '^£'3-0.:?^* JoJlOcj j| 

JjJlOeJ jl <._QvOi ^ cJL^J! 

LbjLxf-b OL*.Q.fc.Lc>-3 bjCcSLJI 

^_Q vol ^ dJaujjs Sj-oiJLo O Lp3-oj^ 

cil i.S'^3^ J3-^^ .«iJLolS SLo?- 

JoJlOeJ C-t-LO 

*1.5^ ijS IJo din.Q.J| cSb-EpJ! J-j^ 

IjAl Ji^ cL^jlo 
6^ ^ .Ob-LiiUjJI j^-l^l - 3-J^ bj 

C-oij?- Li_Lo dFaOi JoJlOej 

OJjb ijjlA>3 cJ^b?- ^yA cL^-fcW-flJ *lAJj ^yA 

L^jU ^13 .ibo Cj ! S d^3-oj?t^ d^3-o.j^ I 
Jlit! -lJ^ iLtfcc^ JSLAj 3 qF }1 
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Ujs Jjjx •^3^ j^» 

^_3lll Ob5_>SLtl ij£’ dISjjta 









rUjJAll 


.CjIjLiI! jJI ^y£■ LoJJ^ J-oI 

.d_^jL?Jl OLff'^-o.i^l g-0 CjljjLAil OLff'^-o.:^! J-oI JoJlOcJ JuoJ^ 
SLo^Jl .d.xc^jL?' ^ .SLxc>Jl jJlJ?- JjJlco d.l.AA'g.^ OJjb 

.Js>-^ Lo ijS 

Robert M. Schwartz 33jl3^ .^1 Cjyjj 1978 ^LsJl (J 

Lu^ ci3jU.t la^l 1Margaret O. DayhofF 135^1*^ .3I Cu^jLo^ 
jLil .djjjjJaiJ 4x915 ” CjLo^JLss-o 1989 ^LszJt LjjJixjl 

OjLlf^L) J-0.52J dj^cxtCLLtal CjLLl:^I ^3-0 ^33 (J1 

^ .... 

Sl^jJI CjLjIJo CjLLx:^ (jl^ CjU-^-oj^I (Jj 4x*ujJb 4 x:^jLp- 

IjjJl Cj).!>1jJ-o 1 OLof-Loj J| (iLLai>-l CjJli=o UjJI 4lP i 

(3 (j\i^ J^ 05^ 4 JLl 52 J Cx 93 1^1 (3 .4 jLsU CjLLxi^I 3I 

^Lo JS 3)-o ‘lb ^ aj-cxuj bjCiSLJl ^>-0 

^ .. * 
L3L0 (j^lic>cxJ Sj^^SLtl OLLxC>J1 •0''-0 {JS 3)-® J-O-CO 4xlc>- ^willl 

^sxwjJb 5f .recombination 3 ).p Jj^sz^ Liul 

83^ lj\l^l 3>-® (J\x 5>5 -maJ df^ll-ot ^3-> LoJlIp i^JlIsI jJ-C- 8jjS_tl 

3)bi>5-*«-Jl j^IalJ LoJi-Lf- dUS OJojo bs 8»iU- -U-^ iLob>Jl i»JLc>JJ ibLiljl 

CjLLl:^! 3)-® W'Si ol .5 JlxQ-o 3I 4 >j 3 _/v 5 4Qil:^ i^JbLb^ 

.paralogous j5bU^ Ijl^ (J (^1 

i^jJl 3 j 5> )jLa>3 .C-JSLdj Cxxp- ibUjLtl CjLlxi^I 3-® ^33 

lJL^J) d.-sy.^.^Jra.) .SLi^J) j3-c>- 3’C^LJ) dJLo Jlc>iu-u) ) 

^wJj.5Jb ibUjUat CjLLx:^! 3)-® ^33 J5^b2JI Ic- 

^bzJt t3 -^^bipJI 3_y^nJu iwJj^b (J-C- 1^1 cSLc^Jt ijtjo 3)-® 

bjdij^ OLlxcnJl 3)-® ^^33^^ ojLfb (jjLp (j\li?-LJI 3)-® ‘'-b3j.sz3 1989 

c^^JbzU 4x.€'>iU5fl dls^ (3 CxS3 t3 

(3 i.Sj^^^3 j^oJLlxu “• i3 

ol^3 cCjLu-wjJ-o (3^ aj5b 3)^ jyj.ix.wj C-xoJb 

.Johan Peter Gogarten 33jli:5i: yc^ 0^3i 
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£ , 

LaJL^I dj Oj-^uUl jgiii U-o 

.ATPase jLj^! ^ 3-0 ijryi^L?- ijJSLi <iLylj.i 

3rUjj^-L)^3Jl OLclwj^ tiJ-iSLdlJ 3 L 33 JI JlSL.i'I 

dJLxc- ATP J^ .OLi-^y^AIl^ (ADP) ^jux' 3 -L>^y! tJLj (J| (ATP) 

ijS^ 3J tjT^^ d .* A )3JI O^ilff-Loldl 3)-® <Lo JlplI^u-U d * A >311 ^liaJl 

633 L 033 4-oL?J 1 JlSLi^i! - 1 ^ 1 -^ t 3 CjJlco jl 

3 >-o 03 -*l 3 ADP 3)-® ATP i^I Cj^^-uSozJl J^Li^dl jiLpu^ 4-(_A£-3ll tj 

.ftLu^l (H^) ijjyf' 3 j '■\*a 1 1 Cj!j3 13 ^ J^lAiI! Ijj 5> .OLiL^^iJ) 

V JSLiJ! JLP- 3 J 3 £(^^33LJ! c-LiAil (3 4-ol3J! CjIjLj^I! F JS-ttJ! 

3 )^ ^jJSLtJl 3 ^ ^jLLo CAJi5 .vacuolar membrane 351^1 sLiLsJl ij 
iiJJ3 Jlszj .L^ajUb^ 33 1-®^ 4ja$-ls! d»j»oo3l! (jiU-o-31! JjLs-o J-^ALuj >i3>3 

k * ♦ * * 

Jlj>I 3 iji ljJ^3 .j31jUjLo jl ^3^J3 

SLpJ! Sji?:-**' 3)3-“^ cA® t3 jLj3ll 3>-® l>® 

Cj^Jlo (J.^ Sj^tAJl tj OJlo J3 U-ibjlj5o 03 ^ l)! ^ 

JS-ttJ! iljUjLts! oLcji^l 1^3 

cSl^lJl CjLjiA.e>- 3j2s j^^l3 J.!^ ijCLwo^l Jle>-I . jU^I (3 

L*.i>ac 1 ^ ^^ ^ (_j^>M<(_> ^ ^ 1 O1 ^1 

. ijU^^cOJ^i 1 ^ 3 -^ 1 OLA-A.i?'^ ,^ll5zJl Jlszj j\.t«JllI! !jj^ 

cdj^Loj^ Naoyuki Iwabe 3>-® £jyi-t*u^ 4 .^ 30 .:?!:^ Lol 

Tu A*\*t3ll JjaLff' UjJs ciljU^I CjLcjj^! Lfl.bAoo L^-^j Cj-u*jJ3 
13 -JLeo 3 Sj-ocCLo ii^jLilLo Ijl^^I cG iIlia;L*t3ll J-*l-C ^3 

^3lil! jL^3l! (j LAjI £Cj!jLj3l! JJA c.C jLlJ^jJ! 

1 ^<-Lc d.A.L^I «5L£>J1 Sjj?tu»» (^Lco .SL^dl 
CjLA-Ai?-3 3 ^ liijrCttoo ^4^3 LjUSLJ! t jllvoc L^U 

5 I 3 JI CjLjLAi ?-3 j^LXszJl O 3 S 0 C-t-i-EO clAo^l j\i^3ll (j-«a^l 1 jjJi ^c>-«Aj_) . 5 I 3 JI 


•[('>^-^1] .elongation factor (^) 
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rUjJAll 


cg-uil^ ^ 3 -^ SLpJI «J-c«3liII» \3ji> 

iJ.s?j?o cLokiarchaeota (__^3 c^_^Lx5sJI SjoJj?- OjJlpJI 


.JJLuj 5Lc>JI ^3-L-o^l ^j.*^-g_i!l 1 jl(1s 


(3Sl:C5zjl3 b^;CC^^ 

A Taxonomy of Bacteria and Archaea 

4 SjL£i> (Jj J33 »iL£- Jl^ cSLc^tU lillj IsLLaj ds 1 * 4 I (J-c- 
j-o ^^1 t3^3 (bjCiSLJLJ ^_Q^i^o'i £^3 

ojLif^L) ^_y^ 3 -wJ 3 ^jJI LjjJt (J-c- J-ot^ .^3JLL5^JI 

^Jl£- 1Jl> jr^ J.S-«it_) IJuSs i3>b ^3_*uJ=o j-o .i>lj.QU 

djLQjjJst C-*j?cj-ol .^jLit_tL) Li^^J^-u^jSLJsl dU-i^- tj-o JolyLo 
3I CjLjIjo ^_q^I jLo .Lj^^J^jj^jSLt-oJU 5 ji-t. 5 ^ J-^5^ 


^3j-b C!-*j?cj-ol3 .LuaS UJLp (■ 03 j ^'^3 ^—^33 oU-uil ^_Q^I ✓?'>» 

^ 3 ^ -^^3 -j^Jolll^ dj_*yLyyt J 33 

jl? iLolSJl L^LuJiS^l 


.Bergeys Manual 

(^y^jo J-J^ ^J| ^LszJl cLcoI (3 jSLJs 1 dUJLff' jira-L) 

Bergys Manual of Systematic Bacteriology L^3J5jy6^ 

di^yj David Hendricks Bergey diJ^i 

cJ-JjJI iolill isz-JaJl OJugCCC-I .L)jU^-J 1 t,_Q*Ivo 7 l Jaiai?E-oJLI 

d^jAI! CjIJlo-^J! ijo Objliis! ^kj (J-p (2001 ^LsJ! 

i9 

Olhlr^dab ^ 33 -LI 1 OLjIjj v_0«I*oVI JaJaixjo Ijj ^j-®dl .bjJJ 
jSoya Jaiai?dO ^^3 CjIjLjJ! ^_0 * I 1 i^dLcCLtiJs! 

:;j\SlJa3 (J| C4.o.«4J> OLuIJuJ OlJuCbU-<_«Jl i^js^- 

(Classes £tw* 52 _«i J| ,j^lia-Jl JS ^c>-*u33 .LjCiSbJl^ 

jl .species ^(5313 genera (3**Ui^l3 (families JjL^ 3 (Orders (-^33 
(^yii£'3 (^yU-«aj £^3 3-^3 £i3^;USLJl LJL<J-«alll cUJLsJ 
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£ , 

LaJL^I dj Oj-^uUl jgiii U-o 

e ^ > 

djSJ jJlssXa djl ,^L*J! (3 LjAjiSLJLI 

^^Lut^l ^j5Ll tj Jaiai^EJsl J-<-oLq 3 <jLji .jiii 

.iJ.52JlJb J3 

fXjuSjj J-JL?clJ SjoLuJ) ^-fijjJaJt t3j-taJt 

^^JuuLS^J tji-o bJ^ISbJt ^j-o ^J5U 5j\^SbJl 

j^ia-Lo ^j-o 0»iLp ^LlJI CjLuIjJJI oJu:b tj b»iLuj:^l 

^j-o L^ IBjtlss-o ^U-ssJu ijru«-i-oj»- 31=0 (jb?JI 03^1 (3 l >*^3 

^ ^^3Jbi5^Jl ^j_) j^mS^ 3-^3 bJ^ISbJI 

.Jl52J 


SLpJI ^L4 u 3| 4iA^.iMAj 

Naming the Major Divisions of Life 

jwj jjsl OlsUaj 4 j^ ijj ^LssJI ^&-(_*u_aj ^j<a3t JlqJ 

dlLjii (j\S ^jLdl .JjbJoo (JjlexJLI 

Jl 5J .<=L£>Jt CjLblSbJl b>-o CjLp^-o-:^ i^Js^ dU-uil g-b^ tj i^JS' 

5ja^ yj^ 4_*j1^a£?J 1 twQg-ttJI 3! <bjbjJl tJjL aQ.)I b)-‘a-0 d. A»0i-i4UU Ji Oils' 

c^o-^JLo^ tj CjL£s^.<x:^1 6JLflj (J byb)^ O^jr^ .b-*_*uj JjLcbll 

dlLjii b)l^ (iiJjkS^ .StiLc- b)3j-^^l b^^^-t_Jl dU-lc- (jibjrbsj y t^jJ^ 
dU-uj^ls c I ^aJLc- b)-o bjjJl^ (^^yla-wj^l Cjb^i-tu_Ll i3 b)-o by^^ 

.Lx^uj dJLJLs 5jo^ 

dJLoUij CjIx-^-o-:^ (j| Lxxwj oJl££) b>^ 

Cj Lff'^-O-C'oO bs^ Lo-^^ tboL^ lwiixC»oO dj b)^ Lo-ctc*- 

b)0 S\Sjis>\ iobj JaLixJl IJuJs JJLo iij^ia 5j^ JlLo .Ob^jSl^l 

JaLi?-| b>^ Cjb^jSbt-tl d-t-0-4**J b>-® dipJa <_Q siU-Lff- 

i«ac>-l3 Sj-biJ 3^^ cCjb^jSbxtl g-o J^LsslII JuX- b>33-b^ 

(iJuS) Cjj^Joj CjIjLwJsI bjbi-J d.*.^! bUaJdl Jx- 

^j.*x>.L)33 jJjblS^ J55 jCuJ <^3v-«txo <_Q 1 i*u-*jjJl 
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rUjJAll 


IJl^ L^j .CjLjL-JI (Jx- iwxxJjJl CjliiiaiMsl ^ 3 ^ ^ 5 ! Jl^Jlssj ^ 

j^Jaj Cj3U?5-t*> ^3^ dj>3 i^JS' <_QOUaJoiMsI oJab 3)^^ iw*-c*uJI 


OV^ 3 -^ ^-^13 ^ 3 ^ irijra-^cial 3^ LlJisIj 

d-J LjJ 1 : j'CLlc?-^^-(_) 3rjSLLo-o 3 -® l 5^ 3 ^ ^ ■-^ ^3 3'-'^^^ d_,(j?J 1 O U315J1 


US') .j^ 3^lil! 3j-SJl (J Linnaeus d^ dlszS Lo ILtb 
(ja£>diJ! j^laj 3^ ijl jLlJL .(3'^U2-oJLI j\£' ^LszJJ dillj d^JLoja 

dwOJCf'l dj23 C Oj I ^>^1 d3 l5^ C ^' 

cJjb) dS^y?J! (jxiLyl ^^Js' Jle?- (j| 3 eSJLcjJs! 3 -® l^iLo dj^jAI! oLc'^-oj^eJs! 
Cijji)) ( 33 -«^l cLlJI d.JLo^ c.lj<ii?Jl dl3lLol 3 I (CjU l^-tE>J 1 g-o 


£dSy?cLo3 e-\ Lo^ilvol dSojJjl C)Lj3j5^1 (J^ISZJ .(CjIjLjJI g-0 ^_Q \ vo1 
ijo^Jl 3^3 ^Lj 1^-££>J1 dSJLoJsl 3-*-*^ ^_q:1voq iC.*-Q-«u-Qjl tSUJJ^ 


.obLiI! 3-®-^ 

cJjb jja Sj^Loo JjaLsslU Cj^^Lota CJjo J■^^ g-t«UJ! 3 j^^ t 3 

^3 CjIjLj C.*-«t»-^l ds^j^zis! CjL)3jS^! 3^ J>j\yia J5L*tj L^e-o!^ oL .dj!^^! 

.^£?tiJ! !jji> ^^Js' djj_La?to Jj cOU!^^ 

JUSll cErnst Haeckel JS^ C^jl ^jh 1886 ^LsJl ij 

3 IS 3 £d_cL£iJl djj?-LJl 3 -® ^ 3 -^ 3^3 3 ^ ^&-t-wj^l 

cecology «Li>^^So|»3lS C3L?rlU^o^^ .Cjb^sJLll (j LajI dJ 


.stem cells «d^Ja^l b!il3Jl» £«Lji^ 3I^1»3 cphylum «i^52^1»3 
djIjL^^I djjb-SSJ biul <-hjS^ US cJJlC^LI Sjt^I 3-’33^'^ ^^^^3 

ijjcj 1^ I ‘ ^ I L)*^ Lt^ ^3 ‘ L^j • ^ ^ "'*'^ 

OLCL>£:Ci dj^52-o d.^i?-l^^ (^ .<<UjLai^^JL^I (jiipJj Li>^^Iaj3l)» (^^-^>3 c(3J3-^'^^' 
5 Jlj?-)^) dUL?J) OliS OL9^J3 c-cJJ 3b 13^3! cdSy?CLt) <t)j«>ia3J) Ob^jSb-t) 
Jl)Jl:> ^JLLi«xo cProtista «CjLjS3Sl» bbU-wj) tj7^^3 ■LoL^ dSJLo-o 
Olvij-flUl 3 ^ ^*3^ lJ-^ SljU ^3SJ^3 c3Sw*jfc d^L^o 3-® 

3-03 £«J3S1» (jr^^s-C d.bb^ dhol cProtOS 3-® ^3^^ -dijJLpJl 
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£ , 

LduL^I dj Oj-^uUl jgiii U-o 

L^l Jj Llo-o £(3^LaJI J,(,£oQ7ll CjLj^^^Lb ^ 

^^ixLo ij^ !iL<aS OiI^<v JhT) i ^Jl^j CjjS^ .«LflJLla-o 

(J| jLil J^ cCjL^jSLJsI ioL?- cU-u*I gJ-E>- ^J-0 JlSZjI (J| IwUbS 

o^ CjL^jSUJLI ^3-0 i<-)j3 l^I 

tAnimalia ^!5^!3 tPlantae ^ t£LIU-o ^>-0 iiljx 51^ 

^Jl;^! LbjLif'L 2-«^3 ^UjLtb^U 3>^3 .Protista 

c^Ha-oJs! 1 OLLlo-AiII . 5ji?E-4tJJ ^5j5JJs! 

CjIjLjJ! <S^ tJl ^ oJjb 3)1^ hyi^iJu} 

^^lul ^Loi-Aioo Lj^laj LLa£>- JSLAj l^I 3-^ .CjIj1^-££>J1 3I 

jSl 3)-c^ iJ 5 Lu 4) .5jj>E.*iJl (j-o 

Jj^l^l 3>-® -^^3 C-uI» :^l3 d_JLe. ^3^^523 £4jU>ijI tj J,^-ijj> 

Robert •t.y?' '^j-?3J ■^^'^ 3 ^ 3 ^. sLiij^Jl 03*-^^ 

g-o-Mj (^3^1 ii^LszJ! iJ-^» 4jl ctwJra.113 ^^JLszJLI ^330 3-^3 ‘J- Richards 

3>J3j!^ jJjLtJ juiOiJ Sjjj.^! oLLaSJ! 3>-^ 4jj3]ail! ijjJajJL j.uLlI! 3>-^ 
3>J3jl'^ CjLbS !-€■ jA-I jJuOja i^I 3>-o Cj-*ujj| cLoUjI ^3 J3^1 

l 3 Ls 2-«3I SJ■^^ 4 -<Jj 3 j 1 jJ 1 J31?- CjbbS Oiaio g3l3ll tj 

.3>^3jI^ OIAJ30 

.(jJJLij?- ^3jj2-o cgdaJL) £^3jll5Jl qS3 ^) LjCiSLJl j3l dU jS^ 

^ys, L^3ll:?-1 jjJL) C)L)3j^-d)l ^y£' L^I 

2^-9 4^3*.:^ Jj tilljJ .CjLj^jSU,! 

OjIS .<XjJi£- <w3j-'g-i«4^ja j^ 3^3 £(Monera 1^30) «o1j!jlj?- 3II» 365 U-**»! 
tmoneres ^lj5J! icJSLI! asLox^lj J5^ ai^Lo U-«*! CjL)!j^ 3I! 
(j| CjLj 3^3^1 4£-3 o .:^1 Cj jj4) (3 .«(3l4£^3» 3I «^jAa» (^_^JLs2-^ 

£(3jLX5dl (j| bjCiSLJl 4£'3 oj ^1 ^_y^3 SI33 

L^3l3.<_Jl cUJLft ^oiisd) L-«3j-o 2,3j-^^ Jaiai^dsl IJjJs .5I3JI CjLjIJj 

.Lob ;j\.«x-0-J^ 3^tiLl 
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Ta£L 



Monophyletischer 
Moiieres ||StaraiiLT)auiii der Organismen 

^aulOjEfoiUSm ViUmtfm undgezficknet-<mn. 

Ernst Haeckel. JaicL, 1866. 


<cUl^.o OUjI^tl 1^.1^ <(J^niA OaMiijjy dL^JI ijiKti :(9) (J^itViJI 

{Protista OLuV^VI <6 JijJi^ CUS 
.Moneres OblJ^^itl ,^1 I.^.J^ ^3^^ <OUyjVI ij^ ^ 
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£ , 

LduL^I dj Oj-^uUl jgiii U-o 

Herbert R Jo^55 .^! Ojjjjb tl938 ^LsJ! tdJS Jlszj^ 

^iialjSLy d_J[S (3 jJJi^ 3 J 2 i 3 tCopelaiid 

, 3-0 4^:)15I issi^lj-o tSacramento Junior College 

Quarterly dJL^l LJL<-L«aill 3 -^ 

Ij^ 3^ 5:iJj?oo 5 I 5 J J1 jLa:391 jl J1 jLiU .Review of Biology 
^LszJ! (3 -L^ 4-oL?- 4^JLo-o d.xE?J! CjUjISLI! cJjji 3^ 4 .e?-j^ Lfl-uo-p 

((Plantae) CjIjLiI! tiJJU-o jjjI (J-c^ <^jsz^ 3^ Ll^Lc- ^3^1 1938 

.(Monera) t(Protista) t(Animalia) CjL)! 5^!5 

(3 All I j-oJLt«! (waIS^ tj (J^.A) diaia3to 

3 -*-*^ CjbjiajiIL) JiLai£?-l £4^JLo_tsl 

-dA^tLAo-tl I^ijISLo 3^-*^ JSLijji ^ 3 b -ilSLjLo Objl^oll C-JLxa U,Lk) 
3 J-J ^ L^l Jojjsl 3 -® .ObLiIl d.<.3j 9 c^^AJI *LlJ 1 Sj^Ls 1^3^ 
CjIS^ 4-<j3^^! <Xj^ dj^JLcd! (J-c- Obl^-tcdL 

^oA .d_JL?J! 6 JUL 03 CjLj^ 3 ^! 3 ^ ^3^3 

.d-jLiI! 4iJLo_t( Jl JA ^y^3 eyes oLo^^yi J| Objlooll 

(Robert Whittaker Q>> 3 J 1969 ^LsJl J ^ 

■ ObjloQll ilSA-t ^^yila-Lo Jj?- djl 3 ->JV^ Lo cJjLJ) Li^^J^So^l 

dULo-o ,jAoo-p- 3^1 CAlS ^ 3^3 c^bolAJl L^iSlJLo-o L^ii^cJLo JlqJ 

■ ObjloQll^ (Obl^-tj^Jl^ (ObLlll^ (Obj^^^l^ (Obl JLIP- 3 JI 

iLALu) .LJ^^Alb <iiJLo-o ^JM,AS>^}\ 3 3 <.._£lA A >.1 i IJub 

^_Q^Ifao7l ^ 5 ^ jSSft JaioAisI 3 Ji> j 5LL)3 ^Ij^l (jl^* £ij 3 j^^l Cjbjyi^l 

Lynn ,ja*-J 3 .p 31 ^ odJ ,jaa-o..^c7LI 3 ^ ^UAlII t^bn.Aol .^.a^lJI iUjI^JI 

CjIjjAtLI 3^b ibUJl ^jhilt 3 ^ ^ip 6 ij^ CAasb cMargulis 

b^ jAl:) (jL^ tjT^b (mitochondria bjjLj 3 S 3 i^l) 

3-0 cll 3 -b> -L^JLo^ ( 3 ^ 3 ^^ ,jaAiiJ 1 ( 3'^^3 £5l3-J) dA-tjiip- 

^ LL)3 JaiaA-o 3-^jdSJ gbgJ-Q-03 <lxAA) Lo-o 5j3.o-> Lo Oj^ b L^ L£> 

.,jaooAJ 1 dULo-lsl 1 ^ 
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Prokaryotes and Eukaryotes 

cdu^l CjUjISJ! d.*^ 51^1 dji C-lajI 

dUUJs! \h diolo'yuo j5bj3 Cy^ qjJ>^ 3 I ^s>6 

0^ (JjL^ 5-^ SjjIycL! j^^SLiIl 5 ^ 

J3I £t,_Q^vO d^vO) jjl io^-oJl jjfcL^I i^jJ d^vO > 

^&J 3 cJLo^ tw^xc>tA 5-c?tJIj j\J^ C^IS LJ^ISLJJ 

" » 
bjuSLJJ 5 jSL^! J3-^I OjIS .dj^Ii»J! L^LlL*.! J| \jj> lUJ-qJ! \Ss^ 

OljSJl djJij olj^SUjl C-<jl5 jAj?- ^3 cjUas^l d.^«to cMio cdj^-kOsJ! 

Ijiij .^5^LszJl j.^:^! Cj-co LoL^ dUj 5 ^ ^duo LojfcbiJiS^ C-blS^ .d.ij?-L?-jJ! 

5 J^s-o C^IS ^ i^jr^ L^dSLg' ^ Cjlj^jrCSJ^! Ji 

dx^eifi-***-!I (3-^ ^1 '>—^ £djj\I$»Jl lj^l;^l ^Jiuo 

j^md ^j33 ^ .j^^Scdl 5^ t3 dJbL^l S^LjJ! ^o-c^j i^Js- £d.*-JLuJ! djj^iSLJ! 

(^;^L?-1jJ! ^^J^ISLJ! oLo^JLsz-o ^^I oJui) 5 jSL^! 

.dujj?i}\ jJI jJadJ! ^ 

Daniel Pease Richard Baker 1949 ^LsJl J 

0.1 l^Sbs-u) jiu (Jj djjCiSo d_tli^ gJooj (JI Ijuxp 

dJa-uiI^ di.* 3 jJI 6 j%iL 5 Jl glslitl 6Jji> i^Ij^I J^I U 455^3 3 jLo .jflo^jSLoo 

d_jLlII C-M£i?t 9 .d_Jl^^ 3! d_jLj d_tlid dJ 3 -IjJl d_cLJl 
.dJiibJl dJ^joJI jJbLi^I ^IdiCLuib J_tj£iallb XulmO jbLoiol^ 

9 

j^I iwjSd (^ 1 ) Bacillus megatherium ^jL«bJl ^3^^! b>6o 33^ Cols’ 
I^‘^ i«oL& Lo 0~^ (^3 >u.o 3 3^-0 (3-A ^.JS^ ^JbOi^ ((megaterium 

Cd 5 ! .iol3^^l3 doLlIl bSUdI JSJ jjUdl dljls ddi^IjJI CoU- JlqJ 

j-oiaj l^! d£'3jj£xt>I dj3CiSLJl bSUdJ dd3j<aJl jjSjL^I ^IdiCLuiL) iSjLuJI djLii)LCiI 
133111 djiiLo3 ddi^IjJI cljji^SU L-C)jJI jdccJI (cLCp l^lLgj SiiJLPtx) 6I3J (JI 
. 9 ji>Juo 3 IJaJu:^ jl 5 tdsuSjJI glsULtl OJjis dlhJiS tdjjC^LJI ddiCI 
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LduL^I dj Oj-^uUl jgiii U-o 

iS 

.ijjLaitl CjIS JS^ ^ 

.^ilLoo jl5 fjSJ tiijU^-Jl L)MidJ d_Ji^|jJl d_J_JJ LLo-^ JI l(^fvhvx^ L^Ubl 
i3 1452-03 jSLe* C-coo cL4Q-cij^3 l(^y<loQ7l oLxsJI ^Ijlc-I Lo ljuS 

L^isLsz-o g-o £Lfiijuij3 CjLLcsJI dj^^ £Olj3jrv^^l ^ojo- d JloT'j i^dJl 

C-olS C)U-ilidl dUj jt djljLJI i3 Lpt-ol3 Lffli j5o ^ .<ls2lti*£io J_ooLflj ^Lo| 

C)1^U-^1 OJji>3-<xi Lo cjmi J-C^ i^js- d_cL?Jl ^;uil£?!j dj^lj 

^ Sib i^3-o ^LJbl ^ bMikll ^Js^ i?tbl3 invaginations 

"9 

L*-*s £(in.*-£o^l mesosome «^^_ai3j_45l» L^J^- i^-LL^l 

9 

Li>j3jJ ^v.I-Q-0 ^^^0^3 4)3^52-0 Olju*bj Co>-jJs jJU .CjLl^SjJJ Mj?to l4lfi-JS3 0315 
oLo3ai3j.ctl (jl jjO j5LI .14109133 Lfej^o ic.ailjjJl oiSJl Oj>jil Lo5^ £^53L^?J1 
C)l052Jl ilJX^ ioJilJLtu-Lil Olj3Li-*5Jl j 3 i 52J di^l3 OLc-ili^ lS3-^ ^ 

^ 9 

LoJJij >513 SJoJli^ MJ3^ LoAIC- ■(j3>5J^l j4i^l ^IjOLuiL) 

. 1x^31303^5-4 } 1 ^5-Lc tj-03 J3-0JI ^j-0 OLo3a)334)l OAli^l (j^xOPclU 

J3-0JI ^j-o j\x5 ^133 (j^xoptill cLj! i 3 dj30ill jisLpto ^,^^Lc'3 
jjjJl ^511131 jo j-0 .LjoSLJJ Si3^1 iJl£'3 452 x 9 j jJsOLl OlS io3jc5J^l 
(jjSlS i 3 jjy cL^iojl) j-0 ^^5^ 0^3 i 3 Si3^1 iJLp b3«^ l3^?^l 

093I03J Jjl 5 £iwxxJa 5 Iw)jAj ^ 3 JJ 1 jJ3tl 44,511 Op-UI :Lol 4 f jLoiiios j 4 Lc- 

* * ft 

Jii3l3 Sj^L^ dOLill i4L52Jl ^joJI JO LoUl j^jLc- ;i41l3 cCarl Robinow 
Iw)jAj ^jJl cEduard Kellenberger jbjUJO ijl3il3 Aso IaO^ Jl 

Swiss 1x1^31315411 ^3 j^x03*«J1 JIjaAJI A454I J ijjjJl cbjOJl J j3oLoii^l5 
cb^Lkll J LJb O3I03J jl5 .^,j 3)3 J Federal Institute of Technology 
phase 33141 jjLlo J30JI j4if41 plAiCLaib 4£'3j-olil b5lidJ L«apt9 iSj^^ 
OLjLiII ^3-011 jjbL^l j -0 jo2.o ^3) 3fii3 (Contrast light microscope 

ji-jOL5 ^AS .d_xLsdl Ob^Sbo dJ 3 j J 4 -t«-> Lft-o £43111 icAP 3 ^LoOJl jo 

011x52.11 ilAft| Jjls 4 10 >-J 3 £io3jl5JJl jji>Lj^l j->3l4 4 <1040 OL>Ji>Luxo 
5 I 5 ^Ol .OLftilidl j-0 JiJl ApJI OcCbl i^^l 43>5JJ1 j4i^l dJa_wjl3) j3?jj2ll 

.dlj^Ao lj3-0 j41-52jl 
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rUjJAll 


ljj\I^_tJl tl)^ 

i3 ^3-^3J L7^b tLic- OLjljJi iwJLb Cu5 LoAIC- S^Jo 

jLo .(IszjljJI J3-*£ail j-o dlttcSl-Lo t^jjl Aiii .1950 ^LsJl 

• * * 

4.0 1 4_>JA40 i ^^^^i.^J Lcito ^^33 t Ll*o i (^^AaJI (wAi^pol LoAiAf- 

■ ;Sj^^ ^1 j^ '^3J iw.*ib3 j-«bl^lJsl ^Ail O^JlIJI Jlszj S^LoJsl 

ji'ju.J.iS L^iaiilll (^^1 dUj Lsx.ai^ tio^JcSJ^l J3-^l C.*Ji<iS 

(nucleoid Aszj U -*3 C.*_oo_wj) 3j.*-o-o djjJalo ^3^3 

c4.Q.3^ d.Q.^uJLo Bj3«aj 4.lllox OJo £4jjASLJI b^idl Ji>-1^ 

t ^ 

£^33lJl C)L_£1_.^£?J d_oLjLpJI 3I31II Q*Ss- .DNA bjJl j-o jbi-Js L^l 
L^LflS jjLj j^ J^-«i L^ j5o ^ .cbii^ cJob jo^JS^jJI dJLtiLo J^L^ij ^ 
j-iiUj - lw02JlIJ3 4SjrC4>tO 4_cI_Jl (jl IJO ^1 ^j-o 

j^bzj Ls^Lp- j-0 i3 ^3^32 c*«JI 3I 

AJ3>«JS3>*-dl 4_«_«_«J 4.0!.^ ^ 

ijjCzSLJl bMpJl (J^E?- SjoJlpJI CjLo^JLszXI Cjjji) lS'^^ 1962 ^LsJl (3 
4.9 j 3 jCu ^3 ‘C. B. van Niel -Li ’lS^ 4_*JLsiA b)3^-^ ijl 

The Concept of a «bjCiSbJ! ^3 ^q^^ txSb-wMS^ OjLo 4_cb?!j 
(ji*jrCij b)^ l 7^^-9 4 -JLpJ 1 jiSjLap- ^3-033 jnidj (^^1 cBacterium 

.(^3j^2^ j^ cgJaJb £^3jLi52Jl OjIS) .L^ 3J b>-® AlLo?- 

£«bjCiSo» 4_*J[S (^_jAs 2 -o JoJlPcj (3 JjLoAJjI 2-25l3llsl L^Jl^ £4.iAptJl ^33]! CiJui) 
4il jjx- £(3jJ(3 £4_jL£bjJJ Cj.5JLp- Ail .^!.i jub L^ 

'wJ-L.Mxj (.1053 c^Uaj^^I 4_cb?E-J! ^933 ]! CjjAIp-! -^ 3^1 Lcls (Jlj-)^ 
iLiPto (3 ^(joT b)^ 0^ . J-ia SjjbJ! ijlSboJJ (AUaS^ L^ULp.i! 

^jb^ 3\s-o jjApoo (^3 cHopkins Marine Station 
Monterey ,3 b (J Stanford University :i33AjLA4. isz^L^ (^^sz-oL^l 

Technical University ^uiidl J.J b>-® eBay 

.[^w^jrAI] . 0 I 3 JJI 5j4aj (^) 
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£ , 

LaJL^icI dj Oj-^uUl jgiii U-o 

^LsJ! Jlo-I jl5 Cms> (Delft 

j-o^l ^LsJl J>sA tLuJij jlS" .Albert J. Kluyver 

^_Q ,':rS\ ^jJl (Martinus Beijerinck 
IJo i^jJl jlSLtl IQ1 C-*-qJ^ 4 J_)Juo CjilS .CjLut^jr^l ^^5^33 
(3 <<Li?-3J3.u3j^-i_L 1 jJl3» tjls (35^^ JjijLut C-tAi?- (Li^-^J^jjrCSLJl 

(J| ^Lo^L .Jj-Uil tj b^Jo ^3-L«aJs! ^!JlCxI-**iL bjUSLJ! 1676 ^LsJ! 

(wjL^L <._Qvolb LajI (Sj-oolts! (XjJil^\ 

^JS' .djji?tJ! jjSo^jJs diajpto t3 

tjlSLs cdlbjis yji (JAj?J! (j| ^jjj«iis.sdl <wiL*AV.i.^ ^3 ^ ftU-Lc^ 

^jLif-b .1948 ^bzJl (3 cjjj^-o C-*..utj^ J33 -(3^=^ ^^IjjJl CijjJLo 
^j-0 d_QjLXi?Eisl 5 Jl^ 3 _Is 1 LqJs 1 J-J JS^ (UJbz-o^ li£?-b 

.ObLjJl3 bjU^-Jl (3 ^'^3?’3-^^ ftLlJl 

.li^lj jJaJb «bjUSb» J-^ jujILoi ^j 3 j^k3 Ca 33 i3 

0 $^ (^^1 d_cpJl OLbliJl Lo 3^ j3^bJl 3^1 j-'kp J.(AillJl 

^olAJl ^-t-bzj d_cJlj U-*53 .LoLo-iiS L?rl!o*<ax^ JJi d_l^ tbjUSb L^l I(^Q* I 

9 

ijs^ b)-® Potter Stewart Cjj\^^ yy 

.L-o-aij ^yzA j\^ L^j5Ll3 bjCiSLJl 

s> 

^3-*^3^ ^ ^ y-*-i b_*4j O ^3 -7^^ b-wj ^3-'*^^^*-^ ,7^^ 

^cJbzJ 6j-oJLtu_Ll 4 jj 5 bflJl dj>L.>-A.Q.1 I» C-ulS .i^3R-(i'3 j^Loo 3^3 cj-t-oJsl d_)3JL*'b 
4 jIS 3 Jlszj .«bjA^($-JLI ^^13 ^3^Aa ^JS- (Li>3J3JjrCSbJl) ^ci-Jly^l 

jjA^b d.*.^ Lo j\^ 3^ j\^LL*y (J^j^ 

b^H 6-® ‘O^jr^ ^ iMaXiKI 1 (.^U S ^bJ 1^3 • b ! il L^ (^ bjL(.^3Jb^ 1 b)^ 
33b^l ^cJLszJ! b>o ^3^ JS-Aj 4 jj 3-bi.''JI OLL^Sbd!» :3.JLs2lJl J3^^ 

^jJl 1^313^1 dUJb j^iszj 3JJ d_*u-aj jbis^l i^Oi^u (^1 (inetascience 
jLI£- 1 .(^Io^.»3JI b)3j-^t dUJLff- 3jJ d.Q.Qjyu J.AbJl b)l5^ 

^ Lo c3)'^3~'*^^ ^3-^^ ^3^*^ (J-Lo cb.x.M(_) 

.« d.xAns>- dJb?Jl 6jjb 3^ 
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rUjJAll 


J-*u-Lu.l!l OLo^lsZ-O ^33 Jo iTi ^ jl cJ-J jIB^ jruiLLui LoJLif' 

L.t.i^'^J.tjiJI LoLc^^-tJI (wxjIS^ cI^Llo 

djL) IjSl U-^j53 £Lj\I$_JJ cLj 3 U-^J-ol j-t LLpJj ^ .1331:^ 

^^jJl cj-o jli J-03J AiJ .L53o-o dUi ^ ^w*JLai^l3 C)Lo3lsJsl Jib i3 

kfUb J-^ ^ Q‘‘‘^*‘^ J~^3^ dj JlS^ 

C)Lo3ls2i)l j-o d-oili^^ 3^ ^3^ liJbjij .1946 pLsJl 3 JoJLpclIb3 

J_o jli jt .C)l33iiJjl OJl^ (^jlx^3l*3 ^_Q * I *^'i ^^3 ^ ci^-LJsl 

^ binomial nomenclature ^Uill ioo-^uiU d^ ^3! 

^ 9 

335^0 3*;^'^ L_i*5 JcLuJ 3 .i)j3ialll L^lsblf- LJL(iJSo IjjCiS^l 


^OlsbbzJl ^jj5> Ji-o '^jSLa (33^ 3)-® ib9^ diijjiaj iolllll ic^-ujJI i3 tw)3llaU 
5-^3 cil iijLsJJ is2-ol3Lo J_b jl33 jujLLui d3j3 l 31 Aj 2>1 Caj 15 

i3 .oLai 3 j\ 3J1 3)-^ Iji>3-*_l.c U-^.J.c- 3)1^ ^^3! -bjCi^-JL) ^3 jjUs 1 d.C'3-ojt-oJJ ^3 Jo?- 
bjC^LJl 3 j^ I la* <03 blSLo Jl£?ij dxpJl OLjISJI joszj 3)^ jJilszj 3)1^ 

iL«l.a) LdSJj Lcj C)Lai3j^l3 bjC^LJl 3)1 jJii£.l3 £C)Lai3j\iJl3 

C)b3jSJsl 3)-^ bjCzSLJl 3-^ ^J1 l^JoiJ J^ .iboCLo 

9 

3)J3 Ljj^ LoLp J.^ dxiiPtJl U-^j3 a*.cS 

9 

.dAsUl i3 ^ i.dJjJ3 £^3jll5Jl 

L33J djjJol iUS \Jijjs 6 Ij ^3 £C)Lui3jLiJl g-0 d£.jvuj Jjj JI33 jujll**! J-obu 

^3^3-o» Jl3i5!j dxiptJl di3j3 3 1957 ^bJI 3 0)31.0) jot-o3^ J.^ Andre LwofF 
(3oJ^ 1^313^3^5^ 3jfe3 £03! (ji>3v9l .The Concept of a Virus <<(303^011 
0 Lo) 330JI .ell55 O-ocJ 0 Lo) 330JI 313 dJ3ii>- 0155 b^C^Jl J! (Jo3J Ci3jI:^ 3j^ 3 
U.^o5 jAtJ 3>^3 bjJl 3! bjJI - (33 j5 ;3Lo3L5!-o f-iSy^ l_3JIij 3 £acellular dJ3Lb-9 
dil^ ^7^3 ‘C)9b>Jl ^3 3! OLc^iJI 3>® J-ds JJlC- lOL^ (JI - IjoI 

i^Js- IjJb jaO .gbojgj dii^ ^3^ <3 dauj-o ULp-I 03503 icLo33j 45«h) 

jvf. Loj3 dJ3ii>- Loj i ^3 ib3c5Jl3 0Lo)330Jl ju dJajo*)3 OL55 J^3J j! 3)5-^ 9 djl 
59 *4^ ^ iJ-M. il dh«0)3!! OL55JI j! 3i;0 J_«a3l Q>^^3^ LoJlIp dj! g3l3JI .dj3Lb- 
033^01)3 £ chlamydia 5 jjjjlII 3 £rickettsia doooiSojJI Jio £b>5Jl3 OL)3>iJl 
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LaJL^I dj Oj-^uUl jgiii U-o 

/I^' (jl 1,,^^ ~ L)j\x^j “ (mycoplssms 

j intracellular (C)L.3>iJI J U5 

5jvsj<aJl 4j^l5dl Cjb^jSm,! ^j-o ijs- 1jjC 5LJ1 j-t-t-C ^ tCcuiLui^I jyohsz}] ^j-0 

J 3 -«aJI SjOj^I 4j^l5Jl I 4 ICJ Jl^ - OLu^^^I - 

eJbjis ^jSo ^ CaS^I ^j-0 

juillui liijii! .bjCiSLJb Lo^^ ^AiCLwU 

Jui^LoJl JupJI jujCJ d_tl£. Ijusltl i^JJI (ci^J jUu! dUi (Jj i^LpJl JyU 0^3 

ddico ^J3 (J| L^Jb?-! -JySLoJb UlUj j! (JI bjC^bJl ju 

J 3 ((Jl^yi j (Edouard Chatton j^jUJ ^U-U-o jl5 j\s^ 

^111) procaryotic <<613^! ^lja» j3jL1j ^Jdcia.1 .1937 ^Lsdl j 1^^ 

^ ^ 9 

((prokaryotic laSdb (^9-o JSdiu ^U3J j^!3 Ji! “k” iJy^o li£>^ IwJS” 
djktk?-» ^lk«a-o Lo! .bjC5LiI i33lidl L-u_(SjflII uQ V03J («l^J-o ^Jj 3! 5I3JJI J^» 
j^ («kiU 6l3j» (eukaryotic i—jb^ eucaryotic «6l3ill 
bjuSbJl i^Js- 4j3iidl tljjpJl CjUjISJI ‘tjJj c_Q d-oAiCLuiI 

Lc (C)b3jSm.I ^j-o JoJLsdl dUi ^3 Lc ((3^^I CjUjISJI bo! i(53-bl CjLjIjl) 
,^3jk?ill dkojJl oJois Jjj 1JI33 J^xluil .133111 Cjbkk?- 3-0 CJIS^ (C)bJ93^I 

bojp-^ C-*.us-(*i '^jj-bl dlj-k^I L-Jb?kJl3 bjCiSdU Sjj-o-bl ^IxxsLcdl 3|» iLs^IJliSsI 
i^^^-bu-SlI ]lib J^3 .bbb^U-J 5I31II ^IJl) (cyanobacteria ^IjjJb 

C)b^^kiJl3 ^13^13 [(] iwJb^kJI 3!) 3^yi C)l^^3yi 3^ 4J3^_(*u 

.«6l3jJl djJLtk?- b93- 33^^^ ‘(3jd^^^ 

3 ^3 J 3 *^ LLoi ^ I bo3-^^ Lo»<^ 3^***-^3 ^ ^j^^dk^i^iJs I b^'3^3''*'^ ^ ^ Lo<>b& 

0^3 -03^^^ djt 3 Jl(J U-^bo 3-0 (U^o.(-o-'gJL^ bdixdl 3-^1111 (J_J 

SI3JJI C)b_£Lk?-3 3I3JJI OLjIJo ^jjLPcLail J_J jl33 JiydbCai 

^w-_(ulS^I jJis (l(^Q(I(fo'i |j«-J3 C)Lpdk«itl L_kjJZJ bl5 ((^y3_J-»<2j 

33JJI CjLjIJo bc:^3J3.(^l cUJ-P ^&Ji52-o J5 Jlp- bo 3^,/^ -dLpij^l IJuJi 
3liiijli jliSbbo-0 3I superkingdoms jliJ3k^ 3l^^5bLo-o L^jL 33JJI C)bl^;^3 

■L7^3^5t^l 3U-*«iJI U^3 (Urkingdoms 
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rUj^AII 

Cj-OJIiS! LoJJ^ cg^iaJL OMS-ttoo 

(jUJ-ff- .Lj^iSo C-t-fcu-J cSl^jJl iuljj L)Mi?- LiJij^jj 

CjLo^JLsz^ d.,J2-iJL«a;d 1 ^c>-^-o-iJi)Lia ja.,<.s1J LoL^ ^J_)Jlss^Lmxa ^3^1^ 

51 ^-lII oLeO-fcAj?- >^3^3 ilaLw-o 13-!-^ .il^-^-fcwj cSjjJlj?- 

U-^I ^o-^j t^js' ^jjjJJl £^^li 5 Jl 3 Lj\iSLJl :i33-Jt CjLjIjo ^yA LoL^ j^o.l'L'K^ 
Lg>rlh*oA JJi .L^.*wjij Sj-yxt! 4 j^L?J! d^LJI t3 oISjU-^ dJLoJ! L«_J 
Sju.flj33 iijjJs oMa-^* «6!^iJI OLa.q.cLc>-»3 «^33-^J CjLj!jj» 

. twiLJL«aAJ! ij!;^^3-®*?^ ^ 

^i-aib jLc*-^l jo^zj i3 l34>^ j\xpt 5 zijl >^13 333 jSJ 

^s^iszB :)j jlS" cWoeses Army <<333 3I Woeses Angels <<333 
L^li <<i 33-^1 oLj 1 jo» d.*i 5 l3jJii£-l c^^liszJI 333 L 3 Li£iJl Jlszj .LoUf Lq-Ll'^ 
^^3^3 033 l3LAi51 gJaJL)3 c^-ol^l j\SLaiU IjoJl^ Oj15 

ij<alflj L^l 3JwJ ^ 3)^3 CjLjI^I 3)-® 3)^l^LL'?iLa 3)'^3-«i-?^ 

JLpw3 i3 JjIj 3^3 tNorman Pace jjA«_u 3)1-0^ 13^3^ .^^LiszJl ioojjit 
dU-Lp ^ll£?iJ» ;L-)Jl^1 (^jjO_LszJ 1 J-ol^l 3)-® iu3jSJsl 

C)LpJJa-o-Ll3 «S 1 ^I C)Lj 1 Jo» 4 Jl 3 | i 3 JI L^^^aJ 3 j$_Js 1 

.«Lc>-^^a^I ^>s?zSLa 3)-®3 IwaI^I 3)-® 

JLi 41 J-*-^ -^Ufa-O-U 

.J_Jj3ij3 Sl^l oLjIjo Sj5^ ;MjI3 q**-*-^ i—aiS 2009 ^LsJl i3 

e. t t 

^>3Lu-o^ CaJ y^\ iwJjL^I ij\ jralLoi L^l Jo ^ ‘b3jj?- L^IjJxlIuiI JlIP- 

t 33 lll OLjIjo CjJuoj^I .i)j3j^ 03^ 3)-^ bjCSLJl3 3 t^ i 33 j-^f 

CjLjIjo d_oOj^ jbli^l J3I 3^3 £^3jll5zJb CA3Lpt3 i33^>^-Jsl j^Jallb 

ff tfi 

( 3)^ iJ-AAoJ I } (_J-^ i^3^ ^ b^xii^ ~ |33^ ^ ^ di^-LnAiO . I^^jj 1 


LijM^^ 3 icAAfjjJjl LlaiS j-o-^ *153-^^ oLjLJLj> J-ol 3)bi*j <jAojjjjl3 j 53 qJ 1 

^5^1 OLa-q-a-Lo--^I oLajIjj io-L*A-o 3)t^ 1 j5j 5>3 .dJLcSi j^3 dJJ^L?- oLo^isz^ 
.ojlSbj (^^i£>3 t^jJiill jii^b ij->j-b 3)-^ ^-^3-^3-^3j^^^ i3 ^j-0^13 OAJjI 
3)153o J^3J ^ .cLA£aiil^^l3 (^ia3C)3 djJab?- ^s-uJiLi-o ^j-1^ 0315 
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£ , 

LaJL^I dj Oj-^uUl jgiii U-o 


jjlszj Jli^ ^ .«C-oJlpJ1 (^jjo-LsJI LjUaiJI i3 CjLjIJlJ 

L^l iL^LpJb ^\jyD Q**^ .Jl*51iJL) SjL*i-o doJ^l .(^j-o-LsJI ^jJiiU IjoJl^ 

.noneucaryote «3l3jJl 


oLjIjo jo ^Jjj.aill Juo L^Lioo L*-L*aLo J33 JlcoI 1994 ^LszJl i3 

ji>0 td_c<0.bzJI d.M_M4jl (^I^.>«J1 

j-0 j^AlIl ljj2i Ji;3 J.-OJ?-! liUj (jt J-(is» ^J| ^S-J-sClIl 

^5JJ1 Jlc>-^1 Ijl^I Ijjb OL<-q.<-L>?--^5^I oLjIjj iJLij 

ia-wdLLo Lc>-^^-cJl C-olS . 1 jwj?- jl Jlc>- dj| ;LoUr j^fcSLszJl [suxi^ 

CjLjIJo io-LiOS CJLLcl jJLl .SjCLLt«-o j-o 4i^j-o (OJlp-^ U-0 JiSt 

OsU-l^ ^ 5 -Lp cLJ^iLC' oLi_JLp--^5^JJl 

" 9 

Jj^-coJl^ ijaojJjJI^ j6laill jJi] .^Lp ^jJiill 

.«[jLj gjLb>3 <L_iu5^ (iijjJaj 

ljL*i-o LpJJajiio «^5^1 C)Lj1Jo» JJaj c4lgT**. 0 o^3 

jl5 i3 iLoAlo t_Q*I*.o'i SJlp-3 Jlszj ^ ^ (^IJlcCLoi^I 

jcdxJj-o jr^ jl .L^.4«_£1 j dfbjij 

JjSiLctlj jl <JlS .L^.4401j d_J_JI i3 JjszJlJb jlSjLiilj U-^Ls cLjUl^aj 

djzjjLtl d.Q.^.OgJI OJdSi 

£^Jii«aJsl \jji> jX- 1^53! LpliJi J*oq1I i 3 Cj-Jisb U^ ^j-jbs JJo 

^^^1 U-fijjLlpb i53-dl OLjLJb?-3 OLjIjj jl jbiLs 

^Lusl 


j 33 jrub 

The Impact of Woese’s Methods 

^J| L^ Ct^I (iibjiaJl Ob?jii«aJsl ^b cljj ^jlilb 333 JJj 

jl i3 frljsJl j<a52J J^3 Lcj3 cSLpJI i3 bjd^ ^_Q(ILwaP 

y^ jjJL) iijjLpJl Lp-3J3iSjJl cJls ^ dsbiciS^I 13 d^J^cCLuil i^J^l 

.SLpJI LijJlp- ^_q jjl5 g-03-0 joJlpsiI joj^Jl Jl^:^I3 O 33JI j-o 
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rUjJAll 


iJ J-tu_Luj ij L>^ J33 L_iilij 

Ijjb pJLC>tlu(l J33 c(Xjs^\ CjUjISJI ^JA ^3j-I IjjJl d_t^jiJI 

ju i)Ij^I CjA^-Lj tCils^il:?-^! ^JlP ilj U -15 :L^IjS i^JuO JoA£?tlI 
(jl 53 IjJlco Ijjl) J^ 333 cjjJs j 3 l^ 2-® 

C)Lq_u»^AI 1 ia-w/^ (3 ij;yr33^^ l>^ 4 .*^ '^jj-® ^j3 

j^Ls2-o [j 5^ yt 3^3 ^y^ Lo-ciJa J^ Ol3^io (^^P) 

^Jlisl 16 S UjJl JjX- ;J| . 4 ijJL!?Jl djj\l 3 ci 3 l d-o^LuJl 

LijJl bliaJj Jui^ ^ (Ti jLJS^^^^^jJl g-0 J^j^Usl LijJl ^3-«a^^3 

^3-0 ijlj^^^SLIl l)^ dj^bJl 

tlsz^yi ^i-L-oJ ^3-UI ^ i(Lajl jlszJI i^j^SLlI Jl^^I plA 3 t 2 u<lj 

C)l 3 ^il 3 -^I OdLa^l OJuiiLo ^i-L-fiJl iL 3 AilIl gSl^ '^ 3 j 3 d_J_t_«JI 

^JA jySJl ^_.> Iht y t^^Ja I133 3)1 j-o .^r^jjJal 3r^ 

SjL^l ^ 3-0 ljJ 3 Jwj> ^50 i^Js- OJwAlj v_..lh 7 ) .djj^Ja^- isLa^b d.«.LQ.II 3 jL^l 
\S^ J-oJZJ ^ L>^ tOJucOij i 3 SILuiI djj 3^3 JI3 

b^^l i»S 33 _/'^^l 3)^ 3 ) 1 ^ d_bbj l 3 1C "^^33 bilSLlI 

.ipjjJLwJsl ijLlIl 3I iul^-caJl b^taJl^ Ob^jSLJsl t^JS' j<aS ^ 3)-®3 

U-o 3)31^1 3 I b^La- 3 )-o d_Lt^ 1 ^ 3 ^ ^JlpJI iw^jJLuyi JlaT'j 3l 

.£l*r?JI CiLblSLll ^-‘-0-i^ bSLo-O L^ljj?tJLu(l 

jJb 3)-o OUl«alII i3 333 Iw) 3 Lai 1 HjJlp- Sj3iaJsl Cjy^ Lo 

OLJI3I0 3^ OLsMla-^l jaiLs (3 333 iijjJa CJiLf i)35z-oJI 

2 ^ 13-11 lS 3I CjLjI^I Lt^ 3 -^ 3 ^J -11 ^>11 l 3 ^33-bl Jk£'l3ijl 

joszj \SS^ ^-Qjl 333 3^5 2-^3 l3 .Cils^^lla-^l libb 3 Jj 3 ij 

i* 3 l 5 C-0I5 cTi 31353^3^3]! JaLiJ i3 3^^ (^^1 ^.^blj (^yJ2>3 

033 ‘^13^1 *** ^J-C- SJoJli^I 4 Jb 3 JaJl CJ-o-P .(ibl>ju03 ^Lb i^J-JLptll 

SJjL 93 S3S 3-® Coz^3 US cObLJl 3-® 1^3-® bl*atljl3 

tjLs £^3la I133 ^33^^^-^3 ‘=iS_J3-o d_J.*-p C-JJa b3Jl di mj\jM 3I 3-0 ^3J1 Js.^ 

^ 0 ^ 0 
d_LcP tlLtUir^t 03La .i*ixJ>33 iL^J-o ^^^l 5>-3 3V03 dla <«*) 03La bjJl tlL^ULto 
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LduL^I dj Oj-^uUl jgiii U-o 


jjl^l 0-® ^ .Lajl J .^1 UjJl j-o (L-oiLlo 

9 

1983 ^LsJI i3 .<1*315^ “ILo Sjis-o OLLcC- OjUaB 
^jliJI^ cJjtXa 5£?J f^ 5^3 cKary MuUis (_>uJ3-o ^^JlS' 

polymerase chain J-^J-^uiil jlj-oJ3Jl J^Loj ■J-!5^ 


3jis-o d_LcP i3 (iiiiCo jju52j j -0 C*i>LJl cfeaction (PCR) 

0 

.dJ_iIJ_IJJ i* 3 l 5 d_ooS U-o ^ 0-®3 bjJl j-o 

SJlP d_JiJl i3 bjJl ^-<**3 d^j-b i3 J-*aJ-4u1Js 1 J^Lal) 

UjJI j-o lJoj-0 ^3-> U-o IsLb 

f . ^ ^ . 

l)-® 3 jjjJ-Il j^liaJl j-o JS ^lszj^ ^.3^1 '^ba| 

SjuS OL-oS ^hj| ^ 3 lP .d_LcsJI i 3 bjJI d_oo 5 ^ i^_A£-Lal 3 

bjJI j-o ^ 5 -cct-ialII \ jji> j-di^ jl o^-C ^J^ .LjjJl j-o 

dololU (jjis JoJlj? 61 I ^ 3 ball bjJl j-o Sj\A*a OLo^ aBLoL d.-o-*i>!yaj ^Ij-tl 


cd_l_U)LL4l CiLoM^Jl^ J-tt^Lujjsl J^LflJ ^IjkiCLuiLB cdUJJ^ .L^jo_ccoiL) ^IjJsl 

e, » 

^^JaB j-o d-sJaB j-o - (^y?- jjl5 ^^1 j-o ^yaiy*jjJJ UjJl d_LLLli 

L^byLuiuo 3^ (3^^ . 3 h-o cLajJ.^ l q/‘‘. 

Lo J53 iljjJl j -0 Syi-waJl icC-jAIl OljLp-yJl ja£?tQj JaLijJl d-JLc- 

.d_tu_aj jjl^l Ui 3jis-o d_LcP yj2i ^jJj 

0 

d_LtuJ-ito^ ^^-'uJ.uCLlg 1 ^ l^^jQ-clyd I 0*^ ^yiiil d_fi_«J^^I djLoJ^LuoO 


^J^ d_cJa]l iiU-jJl j-o cLjj^ LjLp- ^w*jly^ JS i 3 33jj 1 jJiB cOl-J-alll IjjJl 

J-*u-Lu.lU 3lj-o-^3^l J^Loj ^JlcCLcuJ dU353 .IjJiljLi^t ^J^ i*jll:^l dJIjLSzJl 

.... . .. - “ - 
^ I L^.iO c 1 d3.4_«J (j dJLLsCLls 1 Lot 1^ iaJ 1 i3j b iaJ 1 dJ_M4_La)3 

d-oojb^H 013 jaszj g^ljyLoil 3 l .dJji>jJsl OliLijS^ll 

SjjJlpJI oLiiill cOb .(j^l Jb^II tjC^BJsl i 3 d_cp-yJ^So^l 

dj_01 j -0 d_LcC. J-o-p- t 33 -«J i^blp Lo .jalji^ll jhv J djj 3 j>a jO d^ljjJl 
-■ 0 “! 

.dlLOLwj ^ j -03 cbjJl j -0 d_Lpj3Jl OJ^p-yU jA3Jsl bjJl ^5-Ot*aj3 cdLo^ 

ijl3i| ^^Jo lOb ^IjLcCLwjb (IAjJ^JlIJ 3jb| OlBbi^lJ^ll >^1 j-® 3 lp-13 

Jp-Lo dJbB Jay?ttl 0 L 3 j-o OLiy^ 3i^l i^jJl cEdward DeLong jjyb^ 
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rUjJAll 


ic-oj dj-cszJl i3 Sjlc>-^JJ j-iAJjl IjjJl .Lij^AJlS 

^sJa^z-o i33 ^Lil CjjJi i3 l-***-*^^ 1^jl C-cPtJl j-o Joj-o 

ft ^ *** 

j-0 jl5 dj^ iSj^ SL^Li-o Ijab .iljiszXl Olh*^! oLo 

,ja*_J 3 cSjljj^tU <Lis>!jo O3S0 Lo lj'^3 cd-cuiLiJl OLlcJl i3 Lia-^ ^j**-*^ i^LlszJl (jl 
£^^iL^I Ja.Apttl CjLLcC- (3 UjJI ja£?t9 lS OUa-Apttl 3 

i^l) psychrophilic ^ 

-Cenarchaeum symbiosum i^LsziIl ^3 

^ 0 

iLLL« 3 a^J ^Luo ^3 (Craig Venter yus jjjS' Xe>s- 2004 ^LsJl 3 

jyLp- j-o dJ_cJl 3 2 ^ 5 ^ Jl ^3^33 £3j^i(_Jl 

170 3-®) OLLcC- ^3^j3 3^ .3-aiLftjLai jjjo CoCL aiIjjJI 

^5-pt£?JI di cU-c£A*j^l l3Jua£?- ^dyOl J^Ip- j-03 £cU,l j-0 (yO 200 Jj 

0 

d_J^ C^Ip-I 3^^! bjJl dJC_La) (Jl I3JU0-P ^ .Sl^jJl ioljo LMpJb d_o_Cjl 

L^jLAa JlI^ Jl^I^JLII (j-o ^33 jLLo 1.045 Lo 3^3 cCLloJI 

^ 1^1 (j-o i^Js- CLLc^I^ CLbl^JJ ^3j^l CUl^ltb 

CLLa^I Lajt 1^^^3 .^3jjz-o jrC 148 Jl ^Lo^b J3i5zJl cjJsl g33^ 

3>53 cLijLaf u93jJz-o jC ijAj^ (J^a-Lo 1.2 (j-o " UjLoi 453^^5^51 jr^3 453^^5zJ5l 

ft ft 

Jl ^llpb Lo-0 Joj-o J^3-) djl (j-0 .SI^jJl CLjIJlJ CLlo^ L^l jayLail 

.LcaSJ 5 tyCjzj L^b3^^^-JDl {3^ dJIS^^iSZi^ 
JjLis jypw3 (j-o LJLCalll SJoJli^I cJob CcSbo 

SLcpJI cLlJ ^LpJI (^jj2>3 £CLo^_wj^.ojJJ jAC-Ll bjJl CbJI^i^ 3-0 

.CoyG^l i^Js- CbLcJl JlpI^ '^33-1’^ .bijJw.£AL^3 

Ribosomal CLo^.«j^ojJl CbLo SjlpIs 3^ CLP3jCisl ojjis ^sobt Jlp-I 

Michigan State University jLraJ^ ^^3 isz^L^ Database Project 
^jiJI 3 j^ 3J1 CUI503 £(/(http://rdp.cme.msu.edu 

oUsi CbLcJl SjlC-Is Cj 15 2008 ^bJl 3 .^^LoJl^ bjc;$_Jl j-o (16S) bjJl j-o 
(j-o Sjis-iaJl (UftjAII CIJlp-^ 6439I63 3^Li5zJJ iJI^Lo 33082 

iJI^Ajo 3224600 gJj 2015 ^bJl 33 .bjC;$_JJ bjJl 
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LaJL^I dj Oj-^uUl jgiii U-o 


.ObjJajiJI ^j-o 28S UjJJ IO 89 OI 3 16S LjjJJ 

^ c 

jo OUjU-o J io^-oiL?- OLj^jJ Lajl ObLJI 

js cOLiiiill dJJti 6 Jl)Jl^ dbioj liUjS^ tOUl^iJsl 

Lajl ijS^ .ds>i,uMj ^j-o jvi-o SLpJI i^y?- ^jJlS^ ^ 

.SLpJI i3 Ob^jSJsl gSl^-o JoJlpo 

SLpJI C-oJlpsiI ObLJI 2009 ^bJI i 3 

jl5 .^jrO^l ^ j\5t .(3 J^JJI j-lajl) 333 C)b?ijt 

djlSbob iitu-oj 12 ^ 333 

dijLiJl C)9-jjoJlIl .L^If-ljj j^bsl djjJ Jaiis L^£.«aj cL^Ia 

l^jrvJl 3^^ .bjuiJI ju j-ioslll j-o J-JjiJI dJLjJi cSj^tJlU 

«^5JLpl3 g^b2_<ii|» 3JiJ3 (dfjuioo j-«a^ j-o J^l3 Ca 33 diiliJs! 

i^Lkij ij«-*j ^^-fcuS ^ i^lisJl jt^ JjLiUsl i33 - 5 ^) 3 ^^ Lic^Li-o 

, 3 jli 5 Jl 3 Crenarchaeota ^jJl*^1 , 3 jIi 5 J 1 c juijl J 1 ^p\lsz}\ 

■J33 U5 cEuryarchaeota 

^ 0 

dj,tU-Lt»’ ^*^3 ''^ b^^j^-rti^iAj 1 ^i«-'g-*»’3 ^W*.b 1 l^-LtuJ 1 ^ 

J_4uJ.*uJ JoJlpsj jjJl Lptx-ol dUS ^Lo9b3 .OJijAtl bMidl 

^ 0 

.dJ_c52-o 4lu i3 bjJJ d_ooSlj^l dJ_^LLIJl ^ 3 Jj-b i3 iiijAll bMidl 

OJiLiL) OLw-wjJ-O tj-O UiLc- dj 2 .*_a) ^j -0 C -*-0 J^CtLol 1 2016 ^bzJl |3 

j -0 Ij^ o^jrH i3 ^ 35 ^^ isz^L^ Jillian R Banfield Al^b .^1 jbi^ 

l3 Oj-^ij (^_^l3 cSLj^JI ^J-O ^JLJ?tO d3>t*«j ftb-J SJoJlJ^JI OLo^ls^-til ^3 j5> 

^ISJl jipl .Nature Microbiology ,^ 3 J 5 ^ 3 ^^S^ iL^ 

^Js> ^2016 JjjjI 11 ^ Carl Zimmer j_cj Jjl5 

Lo^IxP- 2072 ^j-o OLo^lsz^ JLLpjb ' 3 ^^ '^35:53^ djlxPt-o ^j-o ^J3^1 

£ — • 

^j-o bbcLj l 3 JiLpl Lo^ixp- 1011 iw*ip- ^J| Lip- ^^-o.s 2 JJ (j91 ap-L-o CjjLo 

C^jO_ait Lo ^Aill tLo^lx^ 3083 4p^joj^ Lo 3 JJ>3 cOL-cJl ^j-o ip^lLo 4p^-oj^ 

OLoiljjJl i3 .«SLpJ1 IJjJlp- lj^Jalo» (^y^^^-*J3j5w*-o j-^Hb aipto i3 

j-0 9Jo j^3 t^i-^bjLiU) 1 jJl*£Xo bis39-oj3 JLbjljb CL-oliduil £4^L«J1 
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dlM) tljj-LI 5 j\i-kaJl d_cPj^l 01 Jlp-^1 

Is^iLo-P b^_aiLp- l^J^ctLoil J^ LoiliiLXi Li*j3jJ 

.iLbJuo ^luJl Oj 15 OULJl j-0 ibL^l d_oo^l cjjij 

j-0 SJoJlC- L^LsZ-oL) Lp^IJ J^l CajU bj\I$_Jl ^jSJ cJ-JjU Lp^IJ ^3jll5zJl jl 
£^5^;CSLJ1 JoJ^ ^Lb| i3 j^Jalll -J-j^ 

candidate phyla radiation CjlpJijji» ^1 4^ 15^131 


13^ J.I-O-0 ^ «^Jjj-0» ^5-ail 13^ ^J-P b)llo ^ .«(CPR) 

bjc;$_Jl 5^,3^ j3z_<iJ oL?t^j^ ■ J3L^1 

j-o 0^3 Lcj £5j\i-o C)Lj 15 j-o g-v-itli C)b?tJjj^ L_iJbj .^'g-o-L'^ 

jS^\ j-o j-o 3 I endosymbionts CjbioUXl 

d^.b?-i3 jt Ldp j''-5zij Lo jljJi-c bj53kj oLpJI ^bzjljJl ^Lb^l Cijjti jl 

.4xj?Jl ObjlSdl 4.<-Q.o ObjjSmil i)lj3 O^ibo jP 
J3-o^l iJS^ 0^3 tC-ub jjjjLoil SLcpJl (j^So J3 

.jjAibiiU ^^iQ-03 j^JoiIl L^ 
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Ulill r j^l 

ul -ij...agjg dg^juu 

DOUBTS AND COMPLICATIONS 





6 


UljTjJI ulm 

Genes from Neighbors 


(^^1 CjULJI j-0 JjJlsJI jjo j-o 
cSLcpJl JMj> 

jt (^yis3 

.L^jJl^ - L^Lxj> ^5l - 

jiilS^ Sl^jJl CjLjIjo ilL?- i3 

C-oo-**^l (^^1 j-o Ojj L^Ls 

(^1 L_cAii<o 

J_c^ j-o Jiilij OLx^l jt Oljjjl 

ftLij Xaisij .dSjjh ^1 JJI 3 j-o £ j-*j> ^1 
jJuo^ j-® ibLc- 3t cSLj^JI 

iJ^3 jitIjCBb cObLJJ 

djLs cLLoI LbljCsl 3 JwJ Ijjb jt 
li -153^1 OLjIJj ilb?- i3 Lo^-»£ai^ cOIJlJLszj 


Oj^ls OL^..^'> ijSs- jt» 

fiiJjiia JjLi 3 i^5^l OUIjj 
Jill (^■i.lJ.ll3 jljri3jl5 ilLpclttiJI) 
« ju OL-jJI 
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CjLlc^I Jliijl 3! L^l lijj53 jLp-^1 j-o i3 cjJsl 

.JJI3JI ^j-o ^Jo jLpJI ^j-0 


^3^1 UjJI 
DNA on the Loose 

j'Uj'to (3 'ijLo 5 j^ 1J3I C-uj^iJ! (3 tiiSLii 

W. 'SjjJjjB .3^^^ c(J 35 >& 3 J! Lj?-3J3^3jSL^ 13 L£>-3J3jLJ! 


J:)!:) t3 5j!j3J j\i^ ^ cFrederick Griffith 

dIjLto ^jJ! tjjjJL Endell Street JjJ! (j Dudley House 0^3!^ 
17 tj £Cjl3JLut Jlszj .William Scott Cj3SL*y ^LJ3 dJLooj g-o d-^s 

lilS d.Q.«tdl O-Oj^ LoJlI.C' 03SLu» 3 ^3-o J5 ^35^ £1945 

^jlS^ .d-JLlIl iidaLsdl oJlJ (3 Sj^Loo 5jL^ L^-3 tjlSjLiJL) 

.^3JJJ!jJJ L^3 £j.^i^ j ^3 £JojJ! IwaISLa 135^ £C-ojrC£y JjJj 

bjCfcSoJ! ijru CjLlai^J! (JLfli)! CjLsLJIxS! liiLui) OjJle?- dUS 2:^-3 

SjCuLoo £1928 ^Lsd! tj £Cjl3Li£i5^! cJjfc 0.^1 .Cj-)J 3 iI! iJl3 

£gj!j 3i?d i^Lo icJS" (^3) idioplasm «^!jJ! iL^!» (^121:5! J! 
£(«d^ Lo Uisi^ (^^1 6^U,1» £Ljjiij L^1 j3cLu»1 <.JiS^ 

£CjLL£i^l l^JLa ^^^(3 £^lj3Jl L^^Lc- ySojj t_^l3 LjIS SjjlSslil G^Ujl 
^3j i^I g3l3-Il tj £LjjJ 1 ^ySL) ^ £(J!-*-ij2jji' ^3^j tj qSJ .IjjJI ^o-«*L) 
dil d^l jiaJL) jU .^lj3JJ j-ojJ ^3^^ L?E.£ij-o ‘l 533-^1 (j^a-o^oJl ^3-o 
.OLo3.Lg-laL M9L?-3 U-30 ^3 lS'^ 3-^ ^ C-o-oo ibLw-J! 

(ji? Lsc>-^ 1 O3^^ • I 6 Jl^I c^iLo jriS^ I ! diAszJ ! ijd3jd! c. \sy^ ^ 
j\£>- tj £dj3SJs! i)33jJ! JLff'!3Al! £^^3^^ (bjJ(3 UjJ!) dJ33lJ! 

u fr ^ 

J33J U-o £ij3SU)l d-(J»oo^l ^3-0 LiIi3oo l£'3J 20 3)-o CjLL£33jJ 1 jg*va"i 

.jdSo jSSi CjlilSboj 3Ju<_) [a i^JS' 


^y£■ GUf ^^3-03.0 i3 ISbo^i-o £^&-3tl dsLiiiJl O33 13 £i2*.*-£ijji jlS^ 

j3lj-0^1 OLj1j 3 iailji 3 Ltu-O-g-Lo jlS .C-JJ3IU j-OjJ lA *5 3I C-JJ3IJI 
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UljJ^I U-O 

d_o_4«Jjl pathogens J-ol^^zJI jjl :i)jL5Jsl 

OLx:^ ^5-^3 LijJl (J| (j^j-tl 0-0 ^JiS o'-* 

.jSJJl d.«a53 ioo-LsJl iJ-ojJl i3 Jli^s 

♦ ft ^ ft 

‘O'-* j-‘-‘-ojdl3 c^^Js> d_cLft ^‘g.^0 (jlS djl iJ!, 4 _cqj ji^ eJj^l 

jJl^xo cLqISI iljl cLpJa-a) 4jL)LiiLo CiJo £d_Lc52J 

d-oUjLibl j5j ^ 0^3 .4l£?t9l5 ^ Lt^ 3^ O^J-^^ j^Joj^ 
4 j5JjJ 1 0I05SUI S:)b (^j-o-*uj 1^13 ^Streptococcus pneumoniae ^3 JjJ1 
5£?0j (cocci CjIj^SLLI) j^5J iLbbMi^ JSLi. pneumococcus 

ft 

i^jJl o\5zXl 133^1 03-0-^ -133^1 ^l3jl ij o^-o-o 

LaS 43^ lobar pneumonia iwil^il^b ^,3J>I1 Olj^SUsl 

^3^JJ1 d_j£. j^llo^ ilLpJl oJjji i33 cj-uiiQJl ^ ULp-t3) ^jJI 0-0 ^15 

3'^) ^3^1 'w)l4il^l 0I5 o-®j d -(double pneumonia ^3ijJsl 

.^.JillJb d_Lo i)l3^l3 Ol^LisJsb i 3 jy^ 0^ £^-*- 0-0 

iw)L^^ 0 ^-C 03 -*^^^ jAj^bz-tl 0 -® ^U1 ij 30 ^s>6 

jSil .^bt 03-*^ d *^b?t-o^l3 |j\^bJl JJliL) jl ^bd)l j\S~ 33^1 

3^0 iw)L^I 33 ^ 4iSd d_o_JI ^ 5 ^ (jlS 3JJ1 £ 3 jJI^ d_LaJI ^ 3^3 ^^L-oj 1 juj> 

iszjLiJl L-)L_ai^l Jlp- 1 LajI (^yj2i ij^jjJl Olj^SUjl .j4>jJsb aijLob ^sdszj 0^ 13 ^ 

£ 0 Lp -^1 joszj 3 iij-o 1^3^ ^0 ^J-C' (^pfl3 £0^^^^ ObL^b 

.d_t_oo»o £bjlAlj Lo 

63^jJ* o-^ 63 ^?=^ o-*dJl o'-^ ^ 6 .^Lft 

CjJloJI 3 J 2>3 £^bl 5jd£'3 4Lut ,j^ Lo d.^j -0 ioj^ dj^jjJl Cjlj^^-Lb 

tw-ob?- ^bzjj! twJ-wiaJ! <._Q5 ) LoJJLft 3 bJli' J3-«a-> 3dll 

ft 

ij2?j>LI 0-0 3c>tL(-u» o^ ftL.C'g.AAll 3 Jfe 3 o-Ls 2 J 3 jJj-vuJI 

(jiUj-L! -30^^ jJj-uxJ! lisz-o-dj! g^oxlj LLiJs3 

jsI^ij LoJJLft ioj^l CjJlco Lii^-LLo cLo;^! jL^«t-i3 i^j^od 


o^jzj tisoUail ccLaiLLwyi JuS (jSL) ^ La OLm j51 c«serendipity» itjOcCyi £LaJ5Jl (:{«) 

■ooLg. 4 >Jl 3 ^aitb 
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cbjsi^\ 

cdjjlAl! CjIj^SUs! Jl «3 O33 jijjJs! 

.\jbj\jiJSj phagocytes 

C)Ij5^I j-o (C)bj.ai***XI) c9^5cdl Jj^i j-o 

l^Jx-LoiI «l^laj-<s_lj» ^ (Lo siL>3 ^ tLisJaJuptj^ 

t 6 . ^ . . ^ . . 

J-«a-o serology JLa-o^l C*£>!y-o ^&-aib djlo^l -jlj^I ^ 

^yjl^JJ ^Lwa^^I ^j*(_tjjJl 

t^^jJI CjIj^^UsI b * * *'i o^Lo! lil .J^Ldill ^AiCL^o 

ii^jJl Cilj^^Uib (5^! (53^^ 3! L«a3 b^j bl^l ^Usj j^jj-o j-o OiiJuPco 6ijJll*u-o 
i^jp-Lo Juna-o dJa*«I^ (b^UJl ^j-o iJj-o J5bi i^Js- ^-ojptdl (^^Lc- jbjjptJ jb) 

JoaiII JI jLo.ro jujjjJ) j| JLqj Ob 3^1 j-o jli 

L-*05Jji- J^3 ‘0^-fi-L^tO j-0 LOI I j-0 joS liJiff- jLl^l j.C- .4_fcaAj 

iiOl ^) IV 3 III 3 II 3 I L&U^I .JsUyi AjJu 4 £-^.o.:^I jl 
Col5 jJjJ CiLouLruja ^^J-o i^jJ ^3^1 01335^5! j-o (3^1 isLc! ijj 
C)b35U.I isLc! Col 5 .^^jisLbj-0 bi)ii^:^3 j.p dlj^^ ^ cU-bJl gL! l^.t«_aj ^jiis 
(^jis j^- tjSL' Lj (_yfe3 ‘3^^ L ^3^^ 

.^bJl cbo! g;;-o^ ^3^^ C)b35bxLI 41)3! jbLijI tJooUlIl 

Jlp -3 .JjLo^I Jn-j-Q-iiLl ibis 4 j^jJI C)b35U>I <5jb^ j**-*-^ j^ 

^3^ j-® Jo*oI7ll ibliLl) jA ^jb'bll lLAjjA 

jA JlSbi! l^l L)^ d.C'^AJ) 4.io?.o L| l^l Cciol .4j^jJ) 0)33^! 

tfl ft 

J_«a-o jJ^Sb j-A?o ^ qS^ ^ “^3^^ C)b35UjI j-o LL^ 53LJ 

jSLf ‘tt-o>li^ ^3 BjloxpJI (33bbJI g^-0^ dbbijj .d.5!-o J.pLdij 3! Le-Lo JaAo 
io^l JI bfeb^U^ 5^-®^ j-^^* :(phenotype (5jji>liaJl iiojJl) ^15^^ 

(^b polysaccharide J03ISLJI i-Xsio S^iL j-o 4Sbos-*JI ii^3li-JI 

jibj-o-U d_w_uj>) bj3J3 l^£>tL^3 (ii^jjJ) Ob3^b Jao>o tCapSule dJaA?tt) ^_yO.«*C) 
j U4A bi^ ioi^l dho^l DJob (5:133 .bi>3^3 :)Jo?o3 ((virulence ^3^!!) 

b^A- g3-o (j-)^ j-£^ djjlAJl 4 j 3 JjJI C)b35U.I ‘idid L3i: bj^blf-b J-oju (53Jodl 

'A\^hh ) jibjA) 5 L---cujJ) iJI .l^IlS3 j-o uQ^^noll iJ)3J) (jAcJl Ob^^l 
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Ulj^pJI U-o 


^ (J1 ij5i:’s.^3 ijlsU '^5^^ CjIj^SUsI dJaOjJsI 

^IjrU ^.tLb Ji-o SiiLotl JSbU .I^MIjI cLajjJI ^jJl C)bj5 i^5s-o 

U-o fHj^jJI CjIj^SU,! d_tlc^3 cLajjJl ^jJl C)b^ iju \jms^ tiojb 

.i>^jJI CjIj^SLLI 4jli^ jibjjJl ObjSliJ ^.o-uU 

ibUJ) jvi- Olj-O-S^luoO i^JS- 

i^^Lb! .bbUs Js!^ C-olV'ko L^Ij-o.jz1*w-o i^jO ^4^j3 

(JjliJsI j .(R) rough ^I I 4 I C)Ij-o.jii*«UI 

C)b5SbxLI dho-TLO-U ij^SUsI d.5!-oMJl C)Ij-0.5£l*w-LI (3^^ 

R ^ 3^3 j! 3 dS3biJ . (S) smooth cLJil ^I ^ 5 ^! 

0-3 j^ i{ 33 JS- j-o \s^ J3 jOJjU) jl5 IS] Lo JoJlpJ 3 <7*) ^ 

JU-^I (JbJb^ o^^Ull Jx- l^j«aj^pij djSU" J-ti> -cJuJs 5 Ju-oj?J 1 R t^jb'^Jl 

3 3^3 R t^jb'^Jl ‘^'-‘_i*5 ^0-bsj Lo ^i^^JLSsJl cliJu 

^j-o ttiili-to U-l^l gjj lil -(55^1 LjL^^I 3-0 dib (j^j-o -Uuj;^ 3 ‘tlcJI 6l5b>co 

o-®:;4^3 ^ 3jb33I Ja^I J-*^I ^ 3^3 3 S 3jb33I 

3^3^ ib^-d^Jl C)lj.aJaJl3 ;R 3jb'3Jl '^3 ‘tj! 3-0 

bb-U?-^ Jiaj cS b^iUUJ Jalit) ^L«a-tl J-«a-tl ^5^3 Jis 33 b^i^J) J3^ (Jj jlj-oXuib 

.d.ULf'^l <SL.pJI -L3 i^^^Lp 

cjj (JLJb^ l4iC'53 ju^ii**J 3I R 3jb'3Jl g-^3 3 ^ gSidJ 

.bMj?Jl 3-0 UIJlpI 3o_qj_^ 3-^ (JjJ^ 3-° 33-t^^ 
•R djjjJ) dlo Oij-aiufl 3JJ1 g5-b) 3I nAlll S CoLo l^l ■Xs ^3 

CjJs^ ^3 (S dj-Lo^I l^b?- (J1 5j.aJaJl 3-*^ o^ C)ilp J3 R ijjjJl 3I 3^ 
3 ^j-o g^^bJl i^Js- 3^j^b (3 o-qj_^ Ijj t3Ji Jlssj^ .dib (j^jj-t liuj-o 35^ 
dj_Lo^I L^b?- (J1 dP^Q-tl j\P R 3-0 IJjb Jlo 3 J- 0I35JI siL«iai*«l 

jj\S bMiJl ^b^ 3 ^ nidus «Sj3J^^ cLa-uib dJa;?-^ Lo 35^ jl 3 -S ^3fi-tjl 
Sj)_y?Jb dJ^ifl-tj) S bMkl) 3-^ 0^3^ j-cOi^dd .jo^SjJ) Ijjb Jilt Lq.«.«u-o lis^w 

c^jolsJl d_u(L*il 3^0 ^ 3I3 ‘d_ui-X£?- 3^ .djj?Jl R bM?Jl gjs o.d> (Jj Ll:> 6J3J J-*$-tijJ 
.d_ij?J) S b^LkJ) J3J5 SjljjsJb il^lfl-Ll S b^bd) ^3^3 j-^ -bLl :L?uj?c^ 
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rUjJAll 


(J| Cj^I djjjxil! tiJJi Lfi" ci^jLcxiI! 6jjb Cj-lAj^ lSj^^ 

cR g-o 1^*1^ J| .dj jSJa i^jJl j-ooiXl 

i^jJl (II) ^3^1 t>C^ (I) ^-Qh'Ka Ja-^ ^ djjJJl 5jlji?Jb 
Jj^ ^yA ^3^L^ C-uLo i3j^I Sj-0 .R i)jjJl d_Lo 

R L)Mi?Jl qS3 ^ £^3^^ Cy^ CjiU £^llJsl t>® S i)jjJl LMi»- 

^jSl! (J^ - transformed «cJ5£?=j» Jj Jlil! Jl CjJjj! Sb 

.dJC^I S bMcdL) j:ab?J! £<._Q 1 v3u 5 Ja-^ (J| - S b^b?- <w»-<.«£0 

Ju£5b Cj-JI U^ £d_aIic>Js! JlSLi^l djji?cil! cJjb <ljuJijjh 

R bMidJ j^L?J! L^la-^ dJb?- ^JLo J-jzJlIb Sj-ils 41^! S bMid! :6JjJsLtJs! 
^LuJl £i«aAl£' Oj 15 iJ^l jl i^J^3 -ilb^cl^y^ L^-Oj^ U-0 £d_,£i?Jl 
^J-o (J^^l Ja-ojJl ^ 3-0 ^5^) 5j-oo-tl d.<-ob?Jl R d-JLcdl Cjj 3 ^ .i^E-ol^ CbiU 
4 jX-L flj iIU>- ij!j-<-Qjji' ^ -Sj^b^l d-JL?cJl ^ya Jj £^3J1 SjJI^JI d-JLcdl 
(^_^b?J! (JL^ij 3^! 3)-® dJL?- C-blS ijj £3)-)dJ1 (j-0 (3'^3-*-52J! C-oj^iJ! 3)-® 

.Lloo 0 I 3 ‘Xc^] ^yA (^_jA93J1 Cjjj^iJ! 31 oLlle^JLI 

j*£j?!j J3 U5 £dJji>Juo CJIS^ Lo jJ^ij i^j-o ^liiJl oJjis j! Ju:^3 o-ijUji- j! 3 Juj 

6jjS^I LJjb^I Cjj-Q-ui! -bbjlSbl ^)aT 4 ^£ 1 ^ d.i 5 J fd^Slala ^lllJl ^ .b-oiisE-o dj 

djjibjAl JjJo J^3J y dj! 3JuJ» £Lo Jlo- (Jj ja^a-o Jx- l3j^I U5 .l^.*«_aj ^lllll ^ 
iL>lj djjJJI Ja-^ dJb>- J 3 Sb jl jl5 £'i*jb 3 JI 4jb>ijl (jalji^^3 .«Ja-<s_Jl dJb?tluiI 
jS\ j! Xsa Jais .daubj j%ij ^ b'^3 b>yfu53 llJaj jl5 (JbJb 3 

‘C^Ih (i Friedrich Neufeld jJ^3^ JijjXijS dJ^j 

dJico ^j3 1928 ^bJl ;j dUi JlqJ -l^j J^3J ^bjJI j^ C^Jijjt- 

CjLUj:^! JLaIjI iJl j! 3^^ CaU! .iLai-03 (iati^a 47 ) i)L^ dlj3]a 
Jl^ j^] dUi jl5 .i)3JjJI C)b35U.I ju CjJuPcJ dJb>U-ai9I ^&-ailj CaS^ ^^^^3 £La3! 
CEJAS' j-0 d.£.Q.^lt,l 013-cuJ) J 93 - .l^lo duJSj Lo JU Ob3^b d..*-*.i.)ji^ 

.(3^91 djjuSbJl d^aj-o-LI J«ol35dl C)Ljb 3 3 Cm?o 
oLlSl CCLQ .1 j£^ £djaol^I 4Jb>tlui9I SjjislJa jbL> OLuiIj^^ Cjj-oJLuiI £dUi ^^53 
(bj:^^3jj3jSLiI 3 ^^LaI3-I3 3jj>3 £Oswald Avery 3j\3l dJl333l 
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UljJ^I U-o 

Rockefeller University J 0^ <5^' 

oJjis 4 IjJuo ;3 Hospital 

ipjLuXo Cilj^laj C-(^.Qjptj dlLijb .Ijl*j?- j'^S^I 6jCi3^ ^ ■isuIjJI SjjbliiJl 

• ftfr ft ^ ^ * 

^ di^^iPuJ) (3^ ljL.m«_«S^) ^3^ .*iw)IsLuctS^^ 1 3^ aLu<-Lw Cl)>^l 

;J R blili-JI ^Ijj O^ -jw^I ;J 3^-^ J-j ^ ^3^ 3^^ 

joslJ Ja-ojJl ilLpsluiI c..>-«.*u-i 3 I 4J^i5-o S *^5^3 ^3 jLlc^I CJ^^! 

^ ^ ft ft ^ ^ 

'^J3j^ <lo.J.*u.ll UMiJ) 3I ij 35^^^ ^3 tdUS Jl 52J3 .R UMi^l 

U^UJl Ja^ ilUi^Luf) ^wc*^ul? 3I S b^UJ) j-o 8 Jl52-o ObaMiJ 3^^ .iIb?cLuf^) C}3 JlpJ 
gJaJb .^Ij3JI >illl t«4Jb>!^yi !ju-o» d_tl£. ^ ^3-’ bs ^:^^ .R 

^_jll) Silt) JuAPtll .i93j.52-0 j^ 4 j)j^) eb-0-»5 Oj 15 tOb*f)jjJ) OJjfc bb^3 3 

4ij^3 J^^3 ‘‘t^3lj-ll 4bLc^IjJI dJLpJI i^l (d_ijlj^l CjLo^IssXI 3j^ 

.dUU !bjJ) S13_U,) SiU,) 3I bl**3 jJLl .aJbstiuf^l Iju-o j-\.^iail 

:bjJI yt Cj^U^^I J-obJl 3I (Roy idjLJtJjS l-c53 

.«?iiUi 3“®^ tjl 3^ 3^ 

^jlSbo 3'-^b53 Colin MacLeod 3^35^ t4j^Loj ^j-o 3^^ ^ 

31^ (LjL^yi 3-0 iJLsJ .1944 ^bJl j iLii>jLtl (Maclyn McCarty 

3b ^ 3-*iiyfLo 33-^^b<iJjI ^ 3^ (it-oUdl JaL«3^I 3-® 

bii 3I (33^^^b<iJ>I U^ (Lcj .iblj^l CjLo^IssLI ^1*3 (3'^^ 3^ bjJI 

ajL^ijpJI Jo^I^ (3'^^ 3^3 j>^^ 3^ CjLaSo b^Xo 3^ iJbJl 53l^jJl IS (3 j^I 

^ft^ftftft ^ ^ 

43Lo| ^1 c^L^I-40^) 4.a1a£' 

3 ! JloisUsI 3-° 0^ .(IjLllc- ^ 4Jb?ciai9I JabiJ a3 bjJl j-oJo i^jJl (DNase) 

:3jb3)3 ii^ji5Lo3 (3 j\3! '^J 3 o^J-^ o-t-ui dlbjb 3 ^ -XjIAU aJa^-wo bjJI (ttJj 
i^jJI (Lo Ju?- (JI (5j<iaJl3 ^^bJI d^y^J] (3'^b ^ I^-«a£- 3^ ^ 

ft *** 

Labjj^^l li$U ^j**- 33 ‘b^3^3^3,,^^'’*^^ ^ L3 U (^ja3! 3^ .bj^i^-J) {„J‘^ 

i*jb-o-*5 3! ib)j3 dJL^ 3 0*^3 (‘txJa dX^ 3 djollS jJLl .duSjy^] 
JaJksJl jj-0 t^XJl CjIjXI J3^I g-0 ^jL«a josUj ^ flul^iajl 41c«aa^ C-bl5 

13-aijii 3’^ 
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rUjJAll 


J* ft ft 

tj\iSo Lol^jj Ja-wu! ^ 

CjJl3 JUij LibJ^ cJ-^l (Hershey-Chase 

djjj;^ C-ulS^ :4_a)jiasLo LJjLptJ C)Jl> L^j . 4 x 5 jjj :^1 ^Ij^I ^-alPtX 

*♦ i* 

^ ft ^ ^ • 

^^1 1952 ^UsJI ;J Co^l ^^1 JL^_(iJ_uU Lo IjuJ3 .l^luil:^ 

.(iu)jJ) d_L:^)) iulj3 SiLo OjLlf-lj UjJ) CaS^^ 

Martha Chase Alfred Hershey JjjiJ! mjM 

^_^)3 ijlj^Jl siUlc- ;5JJ «tcLpc« (_y4>3) T2 ioUd) (_ys-uO bjuSo Luf3j\S 

dlLc^ T2 iuUd) jU tjA>3j'i (Jj ‘tcujJlj «l3 oj-® 

,j«a55j dj ^I^liui! JjJl) icosahedral jaiIj Ju^oi) ;Ju_asiII 

s. 9 ^ 

ibbJ) LoJ-Lft 4 jI J5-“^ .41)1^ J-Lft 4g>r.A.io3 ^iU^) 

ibbdl OU-t-*u:^ (djlidl ^ia_uU 4pe.A.i«n.ll (4jjC5b T2 

4jjC5bJI djlidl ^la-uJl Jx- JJaj (li-jli ^Juj 1^-uilj j! i^Js- 

J-«alJ3 jJL^l Cfcao ^>>b Lo Jj L^b^s!^ 4ubd) b^Jj 
iuiLuj?- bjCiSbj (virion j^j^b ^bJI CiLo-^uj:^ ^sA Ju«alJ .^LokOo 
jLax*Sbl Caaj! .ibjeiSbJl 4JidI ^ i^b (5^l£>to l^bi 

^j-o 3! j! Jo ^ .bjJI^ o^J^jdl ^j-o J^S^* T2 iubJl (j! JjsLilJb 


.iblsd) Objj^ ^j-o Joj-o J-tSL^iJ ibbdJ 40)35^^ SiLLl 3^ ju^SLLl 

-J-O^I iS ^ 

£^-3 ibb^J^ Obbiij^I J-<sj?ij Ob^SLtl i^I JoJlpsII 

iszjllo j5L^ O-lPO T2 ibbbU ju^SLt) bjJ)^ I^js^ Sj-cO-O OLo9^ 

bjJI^ ( S) g-itJsI Coj^b j^3jdl L0-U13 cLb! 4ap-9JI L«Jls^b<ao 

4*3 03^0 4*jbJl ^*>333 j! ISj^ Ca 33 ;j ((33 Jl 52J1 ^j-o 3y*jp3 OjiS Jlssj .(334*03011 

^^1 dholll (Jj (33JoJl j! j5J3 (4dcdl J l^b3lpto jjb?- Josj (4X313 

J bje5bJl-4*jbdl ^j-o b2j(b3 ((lyse J9 jpJ^ 1) 3U^:^^1 J 4jL«a-LI b^jdl IJuJ 
^3)3 Jo^ 3l4^3<sJJ 4^33111 yt- 4<sjfeL*m 343) Waring blender ^3)3 h)^ 
bMpJl j-o ^3LiJl l4**'33>> OlJUJl joiLI (4^3:^! ^133^' j Fred Waring 


158 





UljJ^I U-O 

tttoAi-dA ^j-tl \^szjh^\ dUi Jl 5 ej 3 iiLotl 4 jj\ISLJ 1 

^ ioLsJl Qji 4J3UJI cljji^^I dip ^ LJ^p^I ^Is ^ 4 jjdiSLJI b^UJI jj^JjJ itSlS^ 
JsLmuJI L-x-cbS (IjdJI d_LP ^ '^3^3^^ JjLmJI 

JjLuJI i^ Uli- g-dtil ^&-aiIpI .dUi LjJupij ^ ‘0^3 j>JI ^^3 6^3 -UMikll g-o 

j**p3 t^LjUJl Ui (j! (JI IJlH) j-® b<al3^3 .^UJl ^3-o ii^Lkll 
^ j-03 (^^JlsJL l^liLsj ^pJI CjUpbeil dj_L?Jl Jj jl ^ 

^ * ft ft 

.«U)jp) S^Ujl 5^ di! Jl> UjJ) j! JI Lals>-^ .LijjuiJJ 



^laU tj 4jblJa.o 05 ^ <^1^ (.^b ^IaU 6 J 5.0 :(10) J^.mJI 

.^Ijpl 6.^141 ^ IjjJI 3^ OLuV ^jrUb ^ Ci.oJiiw4il (^^1 ^latl (^3 <T2 

.^3jJI ^ 63^^ b>:^ djjJb 4 j> 3 VI «gAilpl» 
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rUjJAll 


^a-aiL^ 1969 ^LsJI 1^3 U-Lp J-J5 ^ ^3^^^ 41^ Oixcp-t 

L)j^ j3JiLi_Lj3 Max Delbriick |j« 5 Lo ^ J-J5^ Joj 3 Jt 

4:?s^l 1 jlUJl ^3 dLjJoji L .Salvador Luria 

IQ *lo 13 ^3^^ UJL^ ^3^ -J-?3^ cOl^J-wj (jL^ J.^ L^.*«_£ij 

(3jj 9 d_cJa]l Lc>-^^-*J 3 j 5 L*_tb 

Jl Oil L^l do-QjjP' CiLoilji CjSjkij Lo J-iiBl jl ^5-pj 
J39I L^LdiS^l Lajl JSdJ I43L9 OLo^lsJjl j-odj UjJI jt ioojis 91 jJb 

CjLjIJo joszj jo ^J-P JidL) LsJ L^t JJillJ jl jSL.g' CjLLc^I jb 

tilUtLoi^l tiwO^^l ^llo*^t)b CaSjp- (^^13 do-Qjji^ (^^1 iJ 91 j| -i33-dl 

I^U.orA 1^ UjJI 31^1 ioljo d_Ji^ :dLo_tuJl L^ dibjJaJb bj 53 j 

* ft ^ ft 

4 JJl 52 -o ^Jlllb3 ((jislidl i3 L^i^Jo3 t3j^l bi> 3 i^b U-Lo 

j.P i)L 5 CijLlpb ^IIoa^U ^J^ctLiuJ (JJJI3 Cdl 5 ) .bjlj3 « 4 J^£?tLo» 3I 
iillioa iibjJaj L^IJlPsIuiI j-^ d.cJ 5 Lll j 91 .(8Ju-mJ jLg.I*tJal 


tiilJi j ^3 .ioLbj^l ilUdl Jl ioz-cJail iIb?Jl j-o ddiJl Jldljl - LoL^ 

.OLLc;^ JLiil391 j-o jojjl ^-QV 03 J ^lloAf^U Jljj9 

j-o ^A-«to lj 3 -o 1 . 53 ^^ CjLoIjo jo 4JL?tLuj3U dji^L?- iwlj^ j| 

Lol^d-P I^UqtItI b3b?Jl j-o Ldl^«t-C .hoh Ollo^ :4-olj^l Sjjj^I 

Llsz^-Js CjJlCO 4Jb?tL*t9t j| .Juj^bJb Jbdl ^J£> IJji) j^ b3b?- 

Jads ddLsl .LJus^ L^-t3 ^&3o?tlJ3 ^o-Ja-ldl d^b ddbxP j 3 -dt CjLoIJo j^ 
I (dJb 3 < 1 j b-d I ( 3 ^ ^ ^ iJ-id-o I ^ ^ lS 3 ^ ^ ^ ''^ j^ 

dj 5^1 CjIj^SUsI Jdo ^ 131 ! J ^b 3 JjLL (-**1 dUS j^ZJlJ 

iIL?c:L*«3U 2 -«aio L^jl eo ur:^\ (jd (3 tStreptococcus pneumoniae 

93 I L^dp- j-o bjJ! jki>l ^*1^7 4t") 9 b3b?J! jLs cdJ^^-wxJ 

2-<a3o .competence d_Jj4j91 iutLwj?- ilb?- J jl 

d_CL<j^ i)l3j Jl L^Ilo jo ^Lcoj bjJl JaQ7ll Jj ddjfc^l L^c^CLc ^jdl 4d-o.sdl 

Cj ULcoJ iutjSLo i) 3JjJ I d) lj3^-ls I J LLo?- jj jdp- j-o ^ I di Ll^ £ ioj Lo 

.4Jb?tL«t^ ^3 o3J I 3 d_dj4j9l (wjLwCaS^I 
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UljJ^I U-o 

iJjjJI (LsLiJs gjoio (5>^l bj\lSo dlbjb 

gioij j! iw^j I^j! Jais O^ (Haemophilus influenzae 

^ Ijp-b-o UjJI ijji L-^^LU,I 05^ l)I *j:^ Jj (iJljptlui^U djliis^b 

a_tjj_tj| d_oo I b^L^ a_t^JJal baJI 4_Jj_tJ| Ja^^b ^ ''' 

Qji 4i*3j <i.As> ^ IjiiLa C)jLl£-b bjJI Ijjis i^JS' 

djJLpLoJl j-0 0-0 ^-iJllJ C)bJI^2o ^j-o C)^lJal*«I 

bjJI (JJ^I Cj^LpJI o^^i^ ^ -iJjjJI 4J-0JJ.UJ5I bii cLpJ! 

ilb>!^yi jiUJl ^3-bI b^U^ j! (JI Jj^jJI juIj :C)J3Jo ^^JailU djptjLtI bMikll ^j-o 

9 

^I ;j bjJI (3iiaj ^ Pseudomonas stutzeri ^IjJI 

•* •* * •* 

-djd^IjJI ^j-0 ^ bjuwjp- LoJl1£- 

Lajt ^do7n/i cilLptLwj^l Lj1j 3 SjJiLiiJI^ (CJdSi \SS^^ CjLjIJo 0^ j-0 

oLjIjj 5^153! 0-0 J-ds ^Jlc- dLiji> .LoLf SjlJLo d.<.Lo-c- L^jSj cLiisl L^Lxj> 
CiLoidl Jib ^1 L^i^-6' ^ d_LbiJI (Lsz-Ja ilLpci^^l i^Js' Sj^LiLIl 

ibliilj^l Ojdsl iwA^z-oJI j-o .1452-0 dibltiLo 05^ L^dl bMidl 0-0 
d^^bb.^1 b^\A^_tJI dJj 0^ **0^b.t L-t-a) idbj^ ol J.J ^ 0^^3 ^Libbj^l Ijj^ 

0-0 jr^ i-Xf- ^,5^^ d(V(do!l ilb^tLoi^l ^_dlo7'i .Jajijb o-^ 1^ ^!-4^ 

g.«jLiJl j^?tdl tj Jaiis b^b lj3i o^jUf L^jI 3Jwj .SjOi-tl OJl^I dVa^o^Jal CjLxidl 
dJL?tLwj^l ^^l (d(^(dall iIL?ti.ai^l ot^ dJi g-03 .d_cpJI CjUjISJI jo (jlj^il J^LiU 
j.P bMidl 0-® J-*5?tl*uJ jl 3 Jlo?-^I (iibjJaJI |j«-J tbjlj^ 

.I4II0 i3 i3^J^ 

Manley JjoLo ;__^Lo U-tb (Lc>-^^.o3jSbisb objl obsb' (1970 ^bJl 
d-o (University of Hawaii isz-oL^ Akiko Higa Mandel 

d.LS2.(_JaJl ilb^cltd^l d^ .iIb?cl*(i9J (^j-o5bIl joLlLI LL034A.0 ij |^3.(-o.P jy^ Cj1Jlc>-| 

.i)juSo ddi>- ^Jj dlcJl jj3 bjJl L4) J^Jl) d^ d^-^ ddjjJaJl C4-(((-(-l 

• * * • ♦ 

Journal d^yrdl d_L^ ji.j^ o"dj tJl djL?td-o gjjl d-o dLyj ij 

^53) db^J^iUl d^j^i91 b9j> IS] djb blil (Of Molecular Biology 

f-iSy^ d^-^ ((Ca^^) ^3.c**Jl^l Cjb^jb (Lsz-t-Ja iIL?cI.u)91 OjJdJb 9 
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rUj^AII 

tlcimbcici IjjJl ^3-o 

LJ^-ufUjl bjJl Lj^^J^iSo jy^ uSLillSl 3J5>3 Lflib^L?- JJ>-Jj 

•* * ♦ * * 

^2)-^ CjliLt^ciJ (JULL)^! j|oliJ I * ^ 3^uj 

Stanley ^JJLLal j-o JS ^^3 £^35^31^01 d-sz-oL^ 133 cj^bzj dUi Jlszj 

OlAjSiLiiil 6 jji> Leslie Hsu JjJ3 Annie Chang jjLiJ 313 Cohen 

13Jl^3 .djLijJaJl cjjis 3cLa5 ^ l)-®3 LpLIxoI aicti-iwjjl ilLpti^^l 

^IuSj 3 Sibj l^-*-b 4 i^bz-Ll jt 

.^5Ju-oj^Ul bjJl j-0 ^3t Jsl^ill Sjils 

j«bj5zlll ehi 3 £C)L^bzJsl j-0 ^IJkitLuib £j^l3 

3-0 5-53 ^1 ^jj^l ^(electroporation Jbj^SJl o^Jiiill) j^ijb ijbj^S" 

3 -Sl^jJl 3! Sl^l ijlJo jlS cl^-ui cLpbJa-ol dJUcLwj^ bMi^Jl 

(J^LjI JL^3 bjJI d_j_aj i3 d^LJa-o^l ilL^ti-ai^l cgiyi 

3 ^bzjjl bjLU ^jo-*uJ L^I .^JlpJI ^hvx^3 d.J^lII if-L-o 

^iSj^ l 3 j^La-o 3-® dj^-L^l bjJl c-lj-i^l d.J-o.P 3 £^^h,o tjCtiJsl 

CjLi^ ^■‘■''^ JloIszj 3^^ C-oj?- ££l*i?- d_tLp- 3 J-p-Jo 3^ 

d.c.^1 djJ^LJ1 C)Llo3jJ 1 ^h3|3 cloning ^Lu-CCai^l dUi 3 Lc bjJl 

. d_cftbJa-o^I ^-o-tJI 03^.J~^-3 J'Lo L^<L 3 

CjL^bzJj! tJ-P JloIszj ££l^£-LJa,o^l ilLoCLoi^l 3t^ tJ-9^^ dJLfij^ 

£tJba OlS j^3 dylh*nA 3 Jl *3 ciijz-uJaJ! iIL?CLa(^b £d-t_a>liLII 

J 3 ^l ^Jp 3I £^-tj?t-«aJ! ^Jt) jxtSozJI 3^ .du.sz^uJo £tLo 3 J3h*lb 

CjLjIJl) 3-Q tjjlp 'Ljsz-i.JaJ! ilUtu-o/lJI 3t^ ^LjIj U 5^ ■d.Q.^-L'yJI J| 

3^ J^LlII Jlil 3 ^l 3^^^ C-ua-0-03 £i33-JI 

C)b 3 jSLJa! g-*-*-^ tS ^tAf^bJa-o! dJL?cI.a;! Olj^j 3^^ JjLHa! 3 -dJbaJI d.Lo 3 
djIjjU! j(a^-«a 3 ij Lo jj^ ^ 3 ^ 3 ^ ‘■^*' 3 ^ ^3 ‘^l 3 ^l d-JLii £?-3 Sl^jJI « 1 *j!jo cLo 

.£lli 3 3^^ bjJI 3 

dj5wo-o d-cC-lllovo^l dJb?cLai^l djjCiUjl C^*w-<.l 

j-rfalilj ^ J 3 d_j 3 Jl 3 Lfiijbl 3^ £djz.JaJl 3 L^-Ui>L 3 -o cjJsl ^3^ ^■^bb 
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UljJ^I U-O ulip 


OL^LsUsl tL^Lj O^JlszIII ;^Js- 

cLiic- j-o d_djJb Ja-cpJsl ^-q h 1 L^l :4Sjuioo d_ooL^ i 3 fi^i-LLoJl ilLptLui^l 

jli3 0^3 l)-® fi^jJoj jlj ^3 

L^^jJaJb CjLLcJI jl ^ ^ i3 frbt^.'gJb 

bjJI Jl j-)bJl J^-o^b dALpMJ Sj-oJLtI ioL-cu^l 

^ 5 ijJ :C)b3j^_4jb dJalSUjl ^^JsLUsl J bjJl jl j -03 
ilLptLui^l j5o ^ L^j .L^Il*J J ^^-*-b^l bi L-)l^-t«jl Jl ^ 53 iijl Ci^Jsl j-o Cjr^ £[,15^1 

CjLLcJI J L-cwaJ is^j-o CjJlco jJs cjJ^I IJl^ gtcg-lllovol icPLlJa-o^l 

£pl^j?-b SLsz-o CjIj-^joj^ L^ Lt^I J cicsz-cJail 

SLptJJ ibL^I ^li^l ^ £g-ol^l oJdSi J .Biofilms ib^-cpJl iL_*Lc^l Ji-o 

^_yLd^\ JLiiij^l j-o ibbii d_ooS Jl 


**• ** 

Microbial Sex 

CjLjIJo ju CjLLc;^ JliijMJ ^3^^5Jsl SJl*:?-^! iJ^l ilLpcLui^l 

JUiijMJ dibijJl j.p j^| j-o 1 -oLp iJL^ ^^>6 Jlszj 

OAjSi J JLiiliMJ ibb iJl Oi_*i£l5l cilUcLoi^l ij-)j-b j-t CjLx:^ 

^jOjJlJ t01-£u.lSbLl jl5 . jliilj^l lAj2i j£- JlojCUsI <^skjuSS iIb?Jl 

iLyjjuo j -0 iUooLkll j^ J tioolc hypzsLQ Joshua Lederberg 

.dJj^j^J J l^ 3 J 3 i 5 jJl 3 Stuyvesant High School 4 j 5 jlill CJlji^ 
j^i^Jsl Paul de Kruif '-^. 3 ^ 5 ' ^bS j-^ l3 J 33 

jLoo dj|» :dj^ JI 3 ^jJl (The Microbe Hunters «C)b3j5^1 3 JoLo» 
^ j -03 t«d.<.Jn!l Jb?to J Jl ^_j52.«dl 5 ^^ d_LoSb ^Jx^> 

Columbia University isz-oL^ J zoology jl5^1 (j£3-.a3sij 

.^wJaJl d_J5 J^3-jJ Ij^IJlssLwjI 

frLco->5LU Lo^jU IS lj^_«xxS3jj (L-oo^^ J 

i^jJI 'wdh> . j^Lio 3£?J ^ 1 ^ 3^3 ‘Francis J. Ryan jblj 
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rUj^AII 

(jlco-tSLlI J-cL?uJl 5^ ‘IaIpJ 3j 5L^ djljj jjj 

Ij^l t5j^l Ltuaj?sLo (jl5 i^jJI t(jL>Ij ^ C)^50 £«SLj?JI jlj^l ^J| 

^ Cl^Lo^i-SsJal ^i^^^LuroO (^1 ^»_9Lmc^1 >m>UAS^} dJLpt^u^l IAxO (^I 

fiL*-^'g-ll tj_o^yi iudji (3 Lkjj?tJ-o CaS^I dUi (3 jblj jlS .LijJl tUj 

JIj^Jl j^>II jLo ^1)1 tNeurospora crassa 4SLji-«JI 

djR^L?- (3 (jlSLiLuil .(jIjlAJI J-lIoJcII d_. 


LcLCJ 


ijliaj (jsU^ llib ^Edward Tatum ^^jIj George W. Beadle Jj^ 

^ 5 ^.cc>Jl OljAJaJl i3 

JJa52J jl L^iSL^ 6 JlC >-13 Cij-Ak jl Ij^lil aAJ .d_cLooyi dUS i3 t6j^A-oJl 

ftLu^asdl ^ 3-0 i)jS (jl cjjb Ja^-JoJl CjLLo^ j_>A5zj U'jjj 

(t CjuSKi OjAJaJI C)j^ .dJ_LSZJ l_AJ^ j^ 45L«-o.«tJl 

1 ^ 3 -dio (3 j-JlcO ^ 3 -® ^ 3 ^LoJL) ,t (Jllllj 3 Ihm) C>j^J-> tSAJl ^jj^l JlSZJ 

1 jjb L^ ^1 t 3 ^ t 3 ^^ ^ .(^jl*-oyi 1 jjii 

9 ^ 6 6 

6 jLp ^3 Jl!^ 3 -o Ijw -0 ;Jj ^ 531^3 Jjuj OLulji Oil -tilcJl 

-‘^'-dcdl JU-f^l OL^ 3 ^yi 15^333 0 L^ 3^^1 OLlct^I jAJiJ .«Jj ?-13 ^ 3 ^| 
j\AAllI jU3l j''-w-!f' (Jl dlbjii) OUUiLuil il^Alsl iA^ jl lAc>-3l ^-ka3l djl 

4«5hl^ OLui?-j 1^52-0 O-d:^ t(OL€'33yi ja5ZJ 

j35zJJl j5a 31 .(^^.Lcdl (JLccuSLil AjIj^JI ^i_Lp JL:^ Obljj tjOJ^Li AjIj^JI iajj 

ft ft ft 

(_jl3l -ij -0 J 3 I jl-i3 Alft L^li-iolSl gjljJl 

tfi 

Allomyces macrogynus JUI jA^dl ^ LOzJl OLuljjJl ij Oj5j 1^3 
.OULaAlA^yi ojjl) (jldaj 2 -^ 5 ^ 6 Jw-Ao ilil tlisscd il 3 Lc>t-o i 3 
Jjuj ij 3 AjlLui i 3 it-e'il^l Ijiy^l jOj-o tjblj j3l 

ju JaLjj^ll jl IJo aAs £4^_oo_ 6«J1 4£'3^1 cLx-^iasJI ^jlj-o iw*i ^3 
£(i) 3 .cpJl i*jLoo-*5dl OLJIJ 3 JI 3 ilLptLwj^ll) jl5^^l3 £(^jujJlJ 3 jblj) 
ijiUaJl L^jlji 3 ci^-oo-tuJl i£' 3^1 cLx-wasJI) if-l^JaJsl Ol 3 i^l j^l333 

:Jl 3^1 lAi 2 > j^ *^^3 (i) 3 ..j?JI ioLocu^l (jjdaJL 

jl Jl OjLil TilLptLui^ 4Xoo-i*Jl d£- 3 j,l cL-uia^JI j 3 )l 3 -o ^LO^| 


164 







UljJ^I U-o 

d_Ls2JiII jSJ cUij^jLctLail «^» Ojl 5 

& 

.JjzJlIb C-cl*-ol J 3 

(jlj^l J^LiIl OjAj?- ^^Js- il^l C*5>tJI dj5>Li3l ^jujJuJ 

9 ft — 

frL<.<A‘gjl L^ C-*- 40 j^ iiL)j-laJb Lj1j 3 dJLoilj^ Ij^ OlJo ji>-l i3 

.d_l^^yPcJI Ll^'^J^.xJI ^Lp ^ c 4 ^^J^iiJI d_A^J 

Joj-^ dfjLicS c^jtujJlJ J j5o ^ dUi .cXj^Jum ^luJl OjIS 

jblj d. 52-0 ^ 3^1 jo 13IJ3JI JiLlIl cbiliLLai^ ^^LUsl^ jisls^l j -0 

ojjis ^jOjJlJ J-0I3J jt d_l^ (JlJ-tiJJ j-t C-o?tJl iszjlLo 

l3 IJlOZJ j^l JlSZJ ^ |3 d_L-oj OLailjjJl 

j-0 OjiLLII tijljjJl j-0 ^3jb ^jJ Cols' .Yale University Jo ibz^L^ 

. 1 ^ 52-0 J-obslJl J^*o bjoS_Jl cjjji SjCJl j-o Joj-03 (io^J^iLlI <l* 5 ojCjl 
^wOjJjJJ dCSJl ^ysbjJ i3 V-12 ^ysbjJ i3 lilljbl j^jOjJuJ jlS 
J-oSo jt bzi^oi jlS^ cl^^J^S isz^L^ Navy College Training Program 
dJjbJl JMi^ iptLwJjl i3 J-<02-J iPj-wJ (__^ 52 -oL :^1 4 :^b^ 

io^J^JLII d_Soiolj^Jl aliLuilji dlol^-L ^Lp Sjuo c>jb^| d_iSJ .iolill 

. JjfcCo L?t£?-b jl^3 '^3^^ 

d. 52 ^L?- i3 ib^J^iUI <l* 5 oSjSUaJI i^jljSJl j-0 ip^-oj^ f^3^^ ColS 
d. 52 .^Jl 3I d_C_*«JI bj\lS_Jl oJjJi bMi»- j^jjo ^3-)j-b j-^ 

aS-cO-tuJI ^P^-Jg! frL<.<.<A'g-lI ^j^^^pCcO .d_>^;.ituj-i>-i>JI ^3^ 

biochemical ^ 5^1 ^Lo^l CljiLLII ^ J1 ‘J^3 f 3 ^^ 

l-^j^ C*o?- j-o ii^o?- ioLocuS i3j3a-> iilisz-cj L^t tmutants 
^lSjj3 3 -cUj jt L^iS-€' ^ IJl^ .Lijij 3 -€' ^L_uiLaiJl CbjL^l 

.(L^iclos i3 L^ilo j-o ioLffJl Cbj^l 6Jji> L^ O^l^j 1S| 

L^Lo?j 4 jji ColS Lo l^jj jt jC?-LJJ 3-oJJl ^JlP /3-ojJl lojL:^ Co?-bl 

.J jt d.Lo?.o J- 0 J 5 O bjoSLJl j-o 

i3 CLo^l jt ilit jP Co?to J^jojJlJ^ j-o JS jlS 

bMi>- >^3^3 ^J| i3'^3-* CLCp- ^-0 jt jS-g* bMijl 
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IqIIox^ SjJkS ^ 3! U-^.J 5 OjJfcS ij^^Lo 

:dsKjh\^ (jlj^Jl (JjiLlII jLli*-^ d.o-wjLpJl iijjtlll OJo SjSLJaJl 0Jd2i 

(J| ^\ls>6 SJlc>-I 3 tjm,! lU^wj ^J-C' " jojillaJI jjujjJJl ^j-o 

J1 0J^l33 ^(H' oLo-*«l ^jJl) histidine jjJu^L*«jb 

^ cOLi^l J:)Lj j-o LSLoJb jl J-ol Js^ - methionine (M ) 

SJlp-I^ 3! jo3.*mil3 jjJk. XJUIM 4 >l j-0 ^ ^_dlo 7 'i i)jS £i)3_,iiLo C-cptJl 

iLc^l£?d)l i)3JjUil bMidl d _£3 L^ J(^ndl j-o jl 5 -U-^l ^_dlo 7 'i ^ 

^3)3^1 Ja-di^ jdJ dLlft Lo :3 -cUj d_J_oo^l ^J^ ^llco ^ 

^ Jl j-o C^*-L 7 .£u^ lSjtv-J ^!a_a) 

^1 ^>3^3 03$^ .minimal medium bs 

3 j-o. 5 il«x-o Ja_wJ 37 Xl 3-^^ 0^ (^^1 ^313^1 Ja.*-Lc- J bMi>- 

3-)dJJl jjuioo^l juibjojpJl MS ljLc- J AiJ :iw*xdilill LooIjcbI MJi '^j-® 

3I U-^jJl3 Jlp-I U-^I 

■ dla^^ 3^^ (^^1 C>jji> Jdo J CilJuiszj tiJljji) jt dfj^t J^jujJlJ jSJ 

ioLoCuSJI CiljdJaJl cJji) Jdo jjAflSoijl 33I3J L*.oQ 7 ..tl J 3 jblj3 ^ jlS 
JMiil^Ml U-o £i)3JL^l 313^^1 C>jji> ^£?t*(aj i)3dft OljdJa C)3 Jlp- J3I3J ^3! 
i 3 ^ .JIJ3JI iJj^LtJI Jl <ip-b?Jl 03 ^ 3^ oM-oSb^l Jl <ip-L?Jl 3 -^ 

Jl SjJib CjLwjlSbziMl OJdSi Jdo jl J^3 jl £jblj 4 jb?ijl JMi»- j-o cj^jujJLJJ 
j^3 £(10 ^) juM-o JS J J^l3 ^7^3^ CjJlpsj 1^13 tLo Jlc>- 

(J^ISozjMI C ^3 jLs cikdaidsl Ls^jL^ J L^lj^ctLoil ^ 3 ^^ bMidI j-o ibL^I 

.SjibJl idszdJl ^wxxdbJl Oljki?-! cLai>M tL^j c^LslS 
dlb :C)Ijq 1 o 1 I <i:^ 3 ^ 3 ^ jlj'^ ^IjLcxT-to! J| ^ 33 b 3 ^jojJuJ b^ dUJJ 

j3So jl 2331^1 j-o .jCdLoALo jojdJa j^ j\i^b jv^ljLft jd-oS-o ^_dlo 7 l 

^jAilSLs^l C)!jj!3j j^ L^b idlji^l oM-oSLtl j^ iJMii^M! J| U-^^3Sb JJI3J 
U-o jdSo lj 3 l 3 J 1J3I (j5j1>3 ( 10 ^^ ( 10 ^x 10 ^) 3I £dj3-LC>- idb-o-^S Sj-oia jS 
d-JLa- jl Ja_a)3lt! j 2^5^ ^ £l 9 Lil 7 S! jSbs" 

3-0-lII dJLolS £Lftj 3 -o j-o jd-JU)! j-o *3^ dSLo j-o 03^ *3 d-wASbzJLo 
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UljJ^I U-O ulip 

(^^1 4 jLo c-jJsl ‘10 d-fcSotj-o 

.^jlj-tl oJu^ ^jj3 jrvJ 

ju^^l ju 3 ll *3 UjJilj£?-| t,_JloT'i :01jqIo!I 

Lol £>jLai£>-l3 j^.pJl3 cB c>jL^ji£>-l3 cbiotin 

threoninct ‘P proline Uj^ c^\ 

jlu JlI^ oLitiLo L^ (^^1 LMiJl jLs cU-^j-o JlI^ .T 

LoJuX- SjLszj .(jji^^^jJl lJjlsz^ ^j-0 j^t 5j-o jo^Lo Sj^iLp) 10 ^ 5^^ 

Cj^LoSHjI ^J| Ja-Ji^ j-o d_Ji^ jLLo l^LoI 

bl t,_ Jlo7'i ^ b 3 Lp- j-0 XJUUIM. Jjl dLb - ii^JjLo Sj. .O-SZILmoO 100 J^3 ciolj^l 

.^^1 bMi^ OL^Ll^?-^! j-0 

(l*5 obMi»- jl b^ ^ibJji dh^HwII '<Lij£^\ dJJb 0^3 
J3I 03 ^^ t>o j-o j\iSjl JJa j^3 cOLxi^l J^Lij jt 

c'tir^Jl^ 11 j-0 ioJ^l cSj^aliJsl J^jujJlJ d 3 j 3 l 3 lj 3 j-o Jb i3 Lo 

^li;3 dUS jl5 Jjij d_£Sob 3Lp- C-00I3 L_i*S '.^Jii 

S3bi)^b b-Q-xSI I'y ^ ^ c ;J-oOL qJLII Q Jj& b) I3J3-LI lJ 3b^ ^ ^^Lpu^^I 3^^ 

jlS" ISU3 J-^l .bj^ ji segregation jt Jl 

^1 JcgJLiol f3jb3 J^jUjJlJ jl5 .J^ootl Cj^JlP- jbio j\iJa3l:Xi ^^jOjJlJ 

033 i 33 .liLIS CjJlp- ^_Q S b>j%i(j ^ Cj^Jlp- 

bjJl Jli^ jl cj-tl g^3^ ^ cbMiJI j-o iJliJl C)b?-bijJl jt 

JuO duSjls iliit U-O cij^-aiLo ^l^-O ^^3^ ^ jlS 1S| 

i)j\lSLJl bMijl jt 1J^ .^Uip-Sl i^jJl j^S^ 

5 J 1^3^ ^ ^ bjj I L31 b-0 ^33-*^^ L-mj-L^ ^ 3 .u^ 3LL) j 1 I ^ ‘ t ^ j IS^ 

13^5 ^ji ^jJl tBernard Davis ^J^y, twiL^l £013^-^. bj 3 b Jls^j 

'^3^ ^^-ot Lo j-0 £Lp-3J3^335jd)l jb^ws J d.*-^! OUjJiLuXl j-o 
hj^l^ JlJ^l j^ £bundling-board experiment gooj^l dJ3Ltj ^b 
J U-^J-o J5 £^3U3JuJ ^^313-0 j-o j\^l ^33 d3iJ -g-bi-o 3£?ij ^J-P3 ibL«_o3 

iPjB J U-^Lo J.*aQ-> 3 £U k»33j?Jl JSLui 'w>3jt (^bS J^t 
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rUjJAll 


jl jSU' pLoo dj) ultrafine» fritted» ^j-o «^jJl ,3 j 13» (^b>3 

L)lji>i LMidl tj^3 JjLwj (Jl U-o (J-^ 

• • •• * ft ^ 

J i)^J!iLo b3li>- i^Js- jfCszj X £^-ojJI LoJlI^ .j^ljjJl jo bbjj 

J^LlII jl b?t-ol3 IJo .CjJlp- J3 J^LlIl jl ^J£• J_Jji dJbjb jSo ^ .iw)3^^1 

ji^jS d.52J-o Lo 3^3 L^-ii52J j^3bJl ^J£' bMidl SjJ3 ^J£' JuoJ^ Jlj3-ll 

(1*^J CjJlp- J3 djt J^jujJlJ J^3 (JjJl Jb3Jl J^LlIl j| 4j3Lk>» 

.ilbptLoi^l t^Js- j3*-I ^Li;3 j^So jl jSLe' ^ 
ju Jlj3 J^Lj J^iszJl j-0 ^jOjJuJ j^^ (w--*_a) tibjJsl (Jl^-uJl 

IsLsl jblj J (_>«-*-l j^3 J doSoj^^l ^jlj-o 

Jlp-^S jjj\Ii^l j-o ^jlj-o (J-^ djjLpiJ ^jOjJlJ JjS .Lp-^J^^^jSbdil J SJoJlc^ 
gB^Jjl Jl ^Lo^b -^^jb J^jlj-o j-o £ jblj 5jlj-o J-o d_cJ^ :L^.^**j3j ^luJl 

d_i^j^^l j-® lSjIJ'^ jlj\lidjl .J^P-b jr^ dlLljij jlS 

1918 ^bJl J Lt^I^ ^i^b J3 jblj jl5 

^js6 djji jJis ^ 5 jb Lol £(_>*£jjb J Pasteur Institute j^i^b J 

j-^o-o L^ Jiaip-b djsz-oL^ J 1922 ^bJl J (^^l^ £K-12 ^^-oib 

j^ td^*oc- K-12 (^jljd^l jl (5j^l OlJl -J^jlj-ll j-o 

Jjop- djiJLpsJ L^l .(^UaJ jSb ^ B (^jljjJl 

£^3jb £iiJjbiJsl dip-b JidJ g-^j-11 ixccdb dJLbz-o Oj15 J-J5J (J-^ L^LaaQ-^ 
liBS J . j-*j dj2^L> Jl (K-12) ib^J^iUI «i<5oj^^l j-0 ^j^AjLlai J djjS 
(^^1 ijjjJl (^yj2>3 jSl Caj 15 .d_cLS2^ ^^91 (^yj2> B ijjjJl C-blS cCaB^JI 

L^JlpsLuiI (^j^l iijjJl L^l U5^ j^Uj «OLjb2Jl iP3jOJ^» L^l^iAptl^l 

ciwUS ^^3 -Ax^^-PcJI (-i.P'^-I^'aJJ Ji^-PcJI 1 ‘ 1 ^ JuoAftl 

jjjjuwoo j-0 juJjj-sz-o Lij 15 j|3 cL^tw-aj bjuSLJl j-0 jbjjS i_aJipo jl jSwg' v_q S 

5 l_ai91 lw*J IptJ 1 1 Ajfc J £ jJ\AilPt-0 

d_Q_Mt-(S^I i^jJI d-M)jL^^ 1^3-b^^l (3^bAi91 jl ^jo^aJ 

iw>3JJa-o djl frLiluib £(5 j 3-1 C)lB3-L?t« J j_^«A:^l Ap- J| d_cA*j jl5 
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UljJ^I U-o 

(haploid cells oLs-okaJI ^^JlIj .jJlSiU 

j-o oLp^-oj^ (diploid zygote C)LR.o(aJI 

^li-O J^3 djl J^jOjJlJ j5S IJl^ . jjjJl^l j-O JS L^ ^5-^1 CjLLcI^I 

• •• •• ^ * * 

^jj^ iw^AuiSo J^ujJI (jl IJw^ 3-^3 (J.*aq.II ^^^Lc- 

(Lp-^^^I i3 ‘^t-oSljrU>l SjA^dl ^-0 dJLoOjS i^^I^Ij .^jJJJI^I ^j-o i^t i3 dLL) 

l33j^ 1 j-0 d_(Soi3 (j-w-^dl ^jS' dfljol l33jj2-cj jlS Lo tilJi53 

dfjit .C)Ls.^-oJl (id^^^l d_(Soi3 (bjCzSLJl jl 

(recessive i?c-«bl3 CiljAkdl j^ di^ C)L-g-*-*ci!l L^l j^jojJlJ 

jSo ^ .d-j^^l ji;3 (Lo d.*^ clil SjjJLIl ,lo;*'i (^^1 dUj 

jiUaJI j\£- i^J^iLiJl JlQ_Lc(a) iOLcs-owaJI i(jLj CajU L^lC- J\szj 

.jiUaJl j-'^l JsLij iw>Lcfr ^^Js- liiJjjj (d.-o^l 

julSka (Jl (^g.*JJpyi i:^(-pd)l (j*t_LpJI ioj^cLo Cjj^ (dlp-jjjl i^llj J 

j J ^3 (William Hayes jjUb pbL3 

IJ-yjl iJaJl CjLjIjjJI dJ5 J Hammersmith Hospital tlc^j-oUb 
^y>\ (University of London Postgraduate Medical School jJjJ 

(5jljjJl jacOj ^IJlpsLuiIj (iJ^^jJl d_(5L)ju oLcLo^ j-o iLuJ_«/ jjLas 

i?jLo j^ 6j5juo J d^^lii 1952 jjLlj J .^j^jJlJ K-12 

(^LoJjJs^l j-o J-JjiJI (53-^ diJap-9-o jo ,4 .Nature j-'Lio ioLlajjJI d_L^I J oap-^ 
JLli391 :K12 d_(5objySo J o-ix.<iLiII» jl j-o ^jJI (J^ 

bjCiSLJl J jljiS^l jo Lj^ilp-1 >^3^3 j-Ut «d_olj3Jl 6L?o91 (5iL?-l 

J 6I3LU-LI ^J3 jjjJl^l L^.*S ^3^^52-L1 jljisyi ^13^1 j-o biij\£'3 

Jl jjbb jLil Jl JLP-I3 j-o 9l3l3l fj^3 (j'-o^J.cPtJJ (JS ^LoJol J (O^j^jJl 
JaJuIl Jj^ J-*5LJ1 j (Jj (Cj^^j j:*3 ^ 9 (5jC 5LJ1 (jxtlpJl jl 

jLo^ixpJl Jaiipo ,4 -mero merozygote «C)^^j3^^» 3I 

(joszj jCOipJl t5-Xp-| CJjiJ (jUi j-o 9 jo J-iSjijJ jjC^l ^3j-LI j^lSJl 

(Jais juili-tu J3 -t 5 j ^3^0^ 3 j£i3 - ^ 3 lydl J J| L^llo^ 

J io3j5LJ3l ^3^ iolill iJ3jJl 03JdJl J dpoLb jjbb LoJdc- 


169 













rUjJAll 


djbS ij L^LcoJbl CaSj^I tLjUajj tPallanza 

fr 

6jLi£^1j (jbjjzJl dUi (Jj jL<it tDoublc Helix 

.«^^jJuJ I^_ui^^ ,4Lc (3 C)y?tj2jl J3 d_Li3 (jl (j^jjzj :4 -Li3 

jl 5 ajl i^yJs Sjr^ d_cLa 3 lj gl^» 4 jlj ^jO LoAlC jjLb j^ 

.«!dj^ U-i-*-> ^i-Lszj Luj^ ^LflsL^ 

<._Qvoi ^ .i)Lfl^! d_^ L^ ) ^^j!^-oJLI jjLiJs twJjL^ C-Jl5 

;jA-*wJL o^Ij jrv-u» LaAo.LI io^Lo-Ll - ixSLoj 4-<jb3 i-o-u* \Ss^ 

- streptomycin 

(j| jA.^L o^Ij jru*JI ^Lo| d.ALo.g- (JMr?- br^J-^ 

3>-<o J^l3 ftlvooll d..<_*tu Lo c4-wLaj?Jl ijjjJl aSjLwjs 


1 (jyo-SjJL) bp cil LoJJLt- 

ij^^Lo £ 3ru*u La^ljjrCwb 1 3>-® aJLoo-o Olj-iSjJ >^3^3 J-li tj t23 


cdj 2 4 jjjJ! OjLo 3 b\-«^Lo^iJbCMJLI O-^oJs! J^zAU io3LLo 1 ijjjJ! C-olb IS] 

Lo^^^A_mJJ d_A^£,A-LI CjljoLdJ 4 -JjL 9 C-t-tuSbij! !S| b^3 

(jo Qji ,toQQ Jle?-!3 (j-ff- b^ .d^^l^Qll b-® ^£'3^ b^ ^-o!^! 

jjlSbJ! (j-£ cdj^^Lo i)jS ^bj| J-i^I b^ SLoJ! Ju 3 (j-£ dLiJ! ^3(3^1 

SLcbl JutS j-£ Jiaj b^ j^bJl (j*^3 o-£i^ C-oo?- £(3 ^jJ 1 OL-o-tic?- j 


.^jlll 

LpijLo Col 5 1 ijjjJl bl CjLpij^l CCLol Ub £^.o?t-o 3 £?Cj jjLfii ^tllLuil 

bSo ^ -bl^^-bcJI ^JJj ^ .(l^Amil (^yi> Col5 2 djjJJl bb ibb3JI OLo^lsz-oJJ 

(b>o (jA-tiO Lo^^ iA.i£ iAaB frliLcll (33^ ^ d_«JLLc<t3l 

.L^Llc^ ^ ijjjJl 33^ b^ .ii^bUil ^t.*£jJl J-ift 

j^j-€ buioLo^iiboiJb il^iiUsl 4 £jCLtjl iijjJl djl djii?-MJl OLoilj^^ 

^3lydl fiLol^^ (liSbc ^3JJ1 cos^i-jwJl j 5 jo bjSJo U-o cd-Jilitl djjJJl jj L^LLc:^ 
^ll£?ij ^ (^^1 b^ ^3 1 ijjjJI Co?t.ool .d_aib b^'^ b® Lr^ ^UcL) 

j£ LaiL33 £F^ 3I fertile d_o.*aiJl ijjjJl oSjjo SLpJI Jl* 3 jx- cLi_Jl jj 

b-o L^^jbii L03 2 iijjJl Lol .i)^jJl djjjJb Lajl o 9 j^ OjLo cLbJI JlSwoi^^l 
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UljJ^I U-O 


^ jl J-p-t j-o ^3)3^1 JJaj jl L^aIp 

.ii^ii^l i^jljjJl 3 I F ^i-uib OjUaB cdi^bLo jljJ^J J-ojJI j-o j^-cU3 

Ijjij J3^ ^J !;^3 Ji^ 3-® ^bs^lsUsl ^3^ ^ 

^ 5 ^L ^?■1 ^J*^_L^^I 3 >-® j^l JSLaJI 

jo j-o djt oLuiljjJl C)Jl^ 3 .dv^^hll i3 Lo-*«j SjiU F^ ® 

L^j-o Ja^ (^Ltjl i3 6 ) 9 C*jl5 <i*5oj-o 140 

jl J3 dj^ LoUf jl 5 J^jojJlJ jl j-o .F^ 

52-03 ^ ^03-013-^1 jblj i)jS 0“^^^ t,J^ £d_w.*aijl ^Ul i3 ^-^1 (Jl K-12 

(ijblll 

.F" Jl Ul^l F^ ^ijblll J 35 ^ • 

F^ X F ij\an:^l ^133 j-o d_uJLc' 9 I j! 3 j 5 i J 59 I j-o 9 I jt 5 L^j ® 

J j 35 o (ULp-^ (_q US3 £io3J3iiJl d_£SoJ ^>335^'^! jl F^ ^yi) 
.ijJLS 2 -o dJuD 1^315 ‘l-blj 3 ibis (3y3>-91 bjuSbJl 3-0 

bj\I$_Jl 3 j 35 i jl (^y2>3 L^l£?t-o C-J-J d_oOj 3 g-o OLlavU ojji> ^391313 

(^3^1 b 3 Ujl Jl d_ 4 «_a 3 ^J.p SjjJLIl liili.e' Jlj3 J-oLp ^^3^3 J 3 L> 3-0 
£^ 5 J 3>■1 d_cL?- Jl d_tujj JaL) (F) J-obJl 1 Jj 5 > 3I 1 -^ £ jLj>^l jra52j i 3 .d_J| j.aiflli 

.45?ijUsl d_dijl CjLLc:^ j3a52J djzA (wJj^ dils 

ft 3 

circular JjL^I bjJl 3-0 jjii-uoo ^ 3 ^ djl (_L.il5l i^jJI cF J-obJI jy52J 
4 ft 3 -oj^ 35 ^ cCpisome ^ 3 ^-^! 3 I plasmid cDNA 

cdl-cxpij d_Jij| Jp-li d_i«_a3 .bjji> 3 i^ iJb^l CjLxi^I 3 -® 

JilSjj C*xp- £t3y3^1 b3L> J| d_4«_a3 JJi3 3^ jbicb^l ^J.P SjjJLIl jLLL 6'3 

chromosome ^*^^ 3 ^ 303 j 5 J ^ 3 ^^! Lo lj:)b .bj^ j' 

djLs (F J^ 3 dl 3 -® ^ 3 l ciSj^^ d_Ji^ Jl d_4«_a3 JJLL) LoJlI^ .di^ijUil d_Jidl 

^ 33 I£?iJ ylll OLxr^b fii^ijUil d_d3dl ^3 _wj3-o3j5 3-0 ^ibls d_i«_a3 g-o (wA5?t.£«J 
1 ‘^1 (w*-*-a)LxJl 3 ^ 313 ^^ (wjb-Lo^ 3 ^ 3^"*"*"‘*^1 1 Jjfc 

.F (^yJi B i)jjJl 3 iF^ yjJi K-12 iijjJLs iB 3 K-12 3^jj^l j^ (3j-^l 


.[^p-jfCtl] (sie) 
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rUjJAll 


d_4«_aj F J-oLszJI L^ JJLu (^^1 (i^-Lo-vJI jj 
(jLs lilljJ <ipt*i33 cscx pilus <ix.twAp- Sj\5z^ F J-oLsJI j-o-^ .jji(ji>Juo 
d_diJl j-o Sap Cilj-fi" Sj\ 5 z^l c>jjti .L^Lojpij F^ bMiJl 

F d_Ji^ SjiszJlIl L^JiLaj LoAlP .d_JiJI ^Ja_wj j-o Xie <^5^ ^7^3 
S^;\5zJlIl ^ .iLoA£?Jsl AJLiltl d_JiJb Ja-pj-) F^ bMi^ JjisLctlj 

d_cLcJI ^J| l^-iiP L^Ao ^^1 (IAdIs LpIjS d_cAj (^^1 c<LuluJs^\ 

F (jliJiJI j^^bj LoAIp -L^^z-o F d_djJl tF^ 

A^j^l :rolling circle SjI^aJI 4iLL?Jl 

^3J^^ LctlLo cdjlj^i cLjI i 3 4^lJa Ap-I ^^jjIaII 

F d_JiJl .CjjJ^Aj JibzJ3 i^UaJI bAll ^t.*«Aj AjAi^I “lljAo .F d_JiJl 
■ d\*^p-3 IjSS CjjLo L^t ^^1 tF^ LAjLoi (^^1 C-Jl5 (^^1 



Iao 4jaAj.o 4i^jv)VI ijA IjM3JI j.o KH) J^AJI 

.F 


dUS Aszj 3 .d_JiJl i3 F Ax^j^Ul bi ^-oAL) t jLp-^1 joszj i3 

Jop-^ US (F ^J^ d5z-cj d_oo^^^3j5LIl oLa^I djLs cdAp-^ ^3^3^ d_J.*^ 

Ax^j^Ul JJij 03 ^ ^^3^3^^ JMp- djl |3 Cjj^Aj lAjSi j^jojAJ 

JS jo j-o 1 i\jj> Ij'^b ico^-af^3j53l oLaj^I JliiijU SAC-liUI ^Ji> F 
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UljJ^I U-o 


Lo^^i-o ^313^1 oUl jLo LoJlI^ .^^Ij 3 ^jujJlJ j ^3 US joSLo 


IjjJI i3 Ja^l^ij ioL> 4 jjaiSLJ1 oLjIj^I pU-U- Jj^ 

iJlc- C^<-<x*4t cOS^M-uJI ^jji> jra52j i3 .U^jLj^sjI J.^ U-o 
^ F j^J^l thigh frequency of recombination (Hfr) iw*^lill 


^JlIj £ F prime (F^)j3^1 F ^ ^3^5A3 j 5J1 

.F i3 ^3^303^^SJ1 3-® s-ly^t 




jiL^l Axp-^l 4 j1 us tbjCzSLJl i3 ^3^3-ljl jL*i?-^l Jw-oj^Ul ^jis F 


tCilJw-oj^ bjCSUl ^sJisz-o tgSl^l i3 d_Ji^ d_4«_aj 

bjuS_JI joszj .(jljJl JL^IjS^I SjJiLiiJl i^ySi L^J-o d-Js! jl 

e. ^ 

SjoLoiI ijljJl JUijS^I Sj^liUI OlJujsjMJl .oIju-oj^ Sjlc- ^^Js- 


1S| Lo^-«a 5 >- cbjCiSLJl 3>-o if-j-wj j-ciiij (jl l.^<A-g.<j .(jlj^JI J^LiIl 


.^ 5 ^;uSLJ 1 dJU^aJs 5 Ju^ CjLLc:^ J- 0 J 5 O JujsjMJl (jlS 
^JbJLolj^ JLlo d-JLiIl iJsbJl frL^l 3 -® ^ 3-^3 ^ 3 ^ jbLJl ij OJj?- 

j-0 iLtJ_ui 0^1 .C)lJw-o3^bJl ik>Lai^ Ijjij j'jb3 

(Jl Ijolj lj3i Tsutomu Watanabe ^bbU 3-0533^ ^:)1 ,^1 OUL^iii^^Sll 


L33jJaJI OjIS iw)jj?Jl Jlszj .OLLci^I JI^IjI iJ-ojJ JoJli^ ^ 5-^ J| J-03IJI 


3j2i3 tbacillary dysentery jb^-yil :)^l C)A^3 cdl^ 61 -?^' l3 

bjCtSo (j-o jlji d_o_tuJ Lo 3jiLp3 tbjUS-Jl ^y£■ jb?-3-h 

^3^^ 0 ^ 0 ^ .Shigella d_Li,s.i_MtJI t^.^^3^3*^^^ d_(^j^^Slb d^.. .n 

J BjoLof CjjLo d.U-g.<.^t-ll O^Moi CdlS :i)lAU IU <) ftb3Jl IJjb 


i>LLLl ^.3-^1 CibUm ,^3 tsulfonamides C)lJ^b3iL«JJ io3L£Lo jbUl 
^SbdJ jr^ (53 Jl 5J1 C-olS eUjJ3 tj^jJsl JlUcp- 

OlJ^La-o-U io3LiLo jljS J3^ ^ 3 ^ (ji33-o^l jJb ^ .(^JLJJilll 

kw*Sjj) LoJlI^ LjULIj oIjqUII OJljjo £ 033)1 dUS J L93 jJ 2^ jlS US .dJ3<j?Jl 
£bjibMi»- J bjJl cLjI J ^J'^b cUai^l (Lajl CjLjISJU) bjCS_Jl 

.I 3 ) jislidl bjJl g-o d_LcS 2 -o i*jb3-3 3 I i*jLoo-S J-ol 3 £' Jx-LoIj LoJLlf' dUjS 3 
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rUj^AII 

j-o Ol^LajoJJ io^ULo CiljAtiil OJjis j^iszj 

iLoLpJl d_JiJI jt : 3 joJlp o-® t3:*j-^ o-^ CjL^j^-ooJJ 

(tl^jJJ l 3 Jl^I juij 3I iLjLoo -*5 J-oLsJI SjjJUl 5 j q h 11 

3 ^^ d_JiJI jiLatl ^j-k iksLccu 3I cJ-oLsJb jiiliJ ^ C^xptj 

^ 5^-3 li -J- XI ^j-*-Il <i*iLl 3 d_LcQ_i*JI (iLij| 0-0 

J.-oj?ij £^Lot SjiLJl^ S^UaJl i^jljXIl QJJti jLs ^l^-o 

iLaJsl J-obJl ^5^3 i3 O-*-^ ^ tio^LLoJJ b?ijLo LLc^ 

^^Js- iafLwjjJl SjJl^Jl bMpJl 8 jJ 3 L-)Lfr (3 ^15jjl 3 Obj^^SLuxU 

CilibaXl j-0 JjJlsJI jt d.tL^-L'pJ ij^LaiUsl^ ,lo* < 4 ** 11 ^Jt> 1 jji) -^^3-0 3! 3-0-*-!! 

.SJoLqJI Lo jU-j^ LiLiLui ilbsS C3l5 t_7lll3 i)3.*i?Jl 

4 j 3.4J> Ol^Lao C)jil3J LoJu^ C-*-b>- J 3 jbLJl 3 ‘ibi.c^iJl 4.LS^.*too jt 3JuJ 
jUS^ljCiIl3 chloramphenicol J3Sbj^lj3i5jl3 juujLo3ij>^l Jlo Sjoj^ 
CjIjo .4S0J-03 SjoJl^ OLiJ (1957^bJl J3lpij j^3 .tetracycline 
01 b3.Q.L£u-Lt3 i)3i^l CJjis io3LiLo ii XSZ.X.M4. Jl j-0 jljS 3 

io3LiUsl Caj 15 :io3L^l CJjJi jo ipt-kiyi Jajl3jJl 3;^ jl 5 .dUi 5 

i^^jJsl .Jaiis J^l3 frl3jJ io3Litl ^XQj j-0 j^l ^^03^ Ja^?-^ s:l3i j-o J^)} 
jji(ji>jL 4 l j^ £cl3jJl lj^ ^031^-0 i3 j"'-^^ 

.^3J3^91 Ol^Latl j-0 JoJlszJJ io3LiLo C-olS L^l j\iXl3 

Sj^JlsCLo jlji ^bi ilb?- 3 “^1 ^J3-Uil iw)jL:^l j-o 4£'3 oj^ Oj.^! ^ 

iaiLtujjJI i)jjJl OjLo cjoiotl 3 b^-o LoUr iaiLwj?- [Sj^^3 io 3 liLtil 

L7^3 iL Jl j^ io3bl-o_U Jliilj^l Ijji) OJlp- .i)3i9J io3LiUil SiJ^CLo 
^^Js- ^Lio c^Lclf-b ljji> 3bljl3 v_QV03 .d.L4jg.4.^t.ll3 i4j3J3^1 d_»5 biSjb'^ j^ 

.«i)JL5j5l 4 j 1 j 3 J 1 » 

Oj^ibt .jjbji3 JoujJlJ d.wjj'^ ^ JLiljb IAjSs bj5jo jJaJb 

JLiiljl J-oLft» 3bbl3 d_j£. 3^^ Jw-oJ^-Jl jt t3j3^t OLwjljJi 

cR J-obJI ^b Lib^^ ^jJl £«resistance transfer factor (RTF) io3LiLtl 
^jit .iJ3J3iiJl <l*5o3 f" ^5-4 -£«.pJ 1 jbo LoUf L3j<aj AiU .j33.(*4Xl jlS 
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UljJ^I U-o 


tULp L^J-o JoJlsJI £ 4 j^.cpJ 1 Ol^LajoJJ 4-03LAA OLLc^I d_Lcu«i R J-oLsJl 

.1^ (iLoLpJl ijjJLU S^JlssLo io^l^-o ^-*-6‘ U-o 

.ObjjSLJjl jjo Jliiij^l iolS C)IJuj 3 j^iUI j-wUj .j^l^l i3 dSLoU^ < 1*03 oljj 
jju ([^*0^)3 i,U q 3 d_tu_aj j-0 jIjS (J| d_tu_aj JJi 3 SjA^I dLLu" 

Cpromiscuous cjoszJU iib^l i^3 

CilJw-oj^Ul C>jji> jjIS^ jaj?- i 3 .^LisJI SJl* 52 J iju d_ 4 «_aj Jib d.lSU' 

d_LokaJ 3 l Jw-oj^Ul p3-l-^ ijb3^^ jLs £(J3ji^l l(^Q**.ox^ 

Ijils Jw-oj^Ul CiJLpij LoJlI^ .F 0^.3^ tbLp-l Oj^po 

LrJI CjLLc^I ^w--£uISo (^^1 CilJw-oj^Ul jl ^J^ CjLx^ 

Cjl^Litl C-blS 1S| i)^.cpJI C)liLa-oJJ io3LiUsl - SJw_Q-o CjIjJ^ 
OLx:^ j-0 ^^l JJj tj^3 .filo-*-^ ^JllIb3 d_LiLo - <llcJl |3 5 
.conjugation jl>3^1 iU-o-**b ^111 cOLl^ JLoij^I j-£^ iJikll 

SiUsl Jiill L^ jj.u-o!^ (^^1 4.J-0.5JI djl f^Js~ t^lU*<aU Ijjij 

d_Li_a)3 (jljr^S^l J.A-C i»S3^^ ljLjIJ-) tfUS ^^3 tw'*-^33^^~^ ^3^-«x.Ll 

.^IS^l LoLc diicL^uo ^sJj ^ 5 jJl iOLlc;^ JliiijMJ 

OLU:^ 1^53^1 JL^VI 

♦4 

Viral Transfer of Genes 

i3 i)3^^ io3Li-t,l OlJu-oJ^iUl JLiiiil J3P- CjLuiIjjJI cjji> Oj 15 U-1-*-> 

^y.tuj^^_(*o3 djsz-oL^ i3 ISIloiI j^l jLo ^5jJl i^jtojJlJ J-0I31 jbUl 

cMadison ^ University of Wisconsin 

twJLbj3 £^3:^1 l^3J5^b itU Uijt ,^3 £Esther Lederberg 

jLi£ijl ^Juo U-o .Norton Zinder jAIjJ oL-lj:) 

^jojJlJ L^binJl (Jl Cj^I liibJ ibU-o iw)jL:^ tbjCi^-JI (ju 

Ct'-* Uajl OJlpsj OLxj^l JUijI (jl 133 j >3 .i*j 3 J 3^1 4 . 5 o 3 '-* 
(^ 1 ) iLaJl 4^3 Salmonella typhimurium ^jLill MJ3iLJl b>iSo 
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rUjJAll 


j-O cLsZ-oMJ dLojJjl dj^lll |3 j^iiSjJsl j^l |J)llo^ 

£(Salmonella enteritidis serovar typhimurium ^jUjl (J -^1 Ja-oJJl 
^5jJl L^Lioo 3! ^U-o jl5 IjjJs jl jJaJb JJ3 

d_^Sol3 

OLj^ ij**.*^^ ^dis cJLpJI dj2.cJaJ3 

tiilJiS j 5 o ^ j-0^1 j 5 J . Jliilj^l O^JlpJ J. 52 JlJb bj3j^ jl 5 jl 

jSo ^ ^JllIb3 tU jS_<ij iw) 3^^1 i3 CjJlp- Lo ^^3 

alobdl ^13-Ll j^a52J Oj-o .j^JLijjJl jo >^5^3 i5J3jddl j-o 

.jojJl^JI jCL)jjJI jo J-iiitU ^3JJ1 iw)3^^1 Jj_ail i3 OLx:^ 

JiLlIl iJl OjUlf-b jljrCS^l U ^->3^^! C* jJLl 

i3 13^3^ cilLptLwj^l ^lio l3J^3 ^5-^1 jitljrCsl £jLIjJ3 - jlj3Jl 

U-03 .idlj^Jl OLo^Lsz-LI (^^1 ^1341 Jj-t 

jlS Jj iiwoljJl bjJl 3JJi j 5 o ^ ^3^ OLx:^ J-ob?JI J-obJI jl c\Sj^^ 
.^bJI 3I bacteriophage ic^iU 5^ - bjroSlJl b«3j^ 

OLx:^ Ct^^I ^lill OJdJi jJl1j33 ^jojJlJ JI ^jlbl 

C)l3J-4Jl ^Juo Js> .transduction ^1 ^^jJl CjIoIjo jo 

jl jLp -^1 JOSZJ |3 C)La)3jyaJJ <JlS jdi?-LJl j-O OUjbb^uO C.JlitS 


.b^idl jo iolj3 J-03 OI3I9 bi>jLl£'b J-cozj 


J 5 ji;3 .Lo JlP- ^J^ &jlo*<4dl j^ C^j3^ OJlCO 

OLdljj bi>l 3 JL 52 j phages OLobdl ^o,*wj jib jls £ObAi33LQJl 

j2a-oj?tJl L^b^SLo t£Jbji>3 d_Q_o«aJsl d_Jidl lilSLilj 


j-o d_L>j.o i33 . j.<AQ.I.o 3 £ 5 o-) £( 3 wj 3 jLfiJl jb 3 jdl 3 13 U 133 LQJI i333-dl 

Cib^jj^iJl (^jjo_£uj) d.-0-J-ui SjoJl^ d. 4 _ai 3 jr^ Objji^ (3 ^35^5! frlji>^l 


g.oo-:^l cSl^jJI idljo C)Lai 3 j\iJl j-o juJ 4Jb?- 3 .(virions 

bjJl ^_Qh'pij jl jSLfi' .^3>iJl jo3jdl j-0 dJLJs j3-lJo )3^3jr^l bjJl ^_Q*Ivi 


.[^J^,l] (: 4 «) 
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UljJ^I U-O ulip 

UjJl 3! 3I UjJI CiLoi^jr^l^ CjLjLsJI jju )^ 3 ji 3^1 

.IjjJI CjLui^jlqJI (IAsLlo Lifii 3I ijAtl 

tjiU j-ot 3^3 £jLp-^1 joszj i3 .C)3JLptJl Sijl3 cUai^^l jl dJLfiijJl ^ U-o 
^ j-03 )^3 j^ 1 jo3jJL) i^3j^l LjJJI j-o dJjJI Ui j-o djzJoB 

9 

J 3 i?J 3 l ^l^x.£ui^l ^ 5 -ail d_j£. ^ IJjb JiQl£?iJ .ijllo'j 

«frlAi^l» SjjJLIL) £|^3>iJl £(transducing particle 

(^^1 d_JiJl j-o 3I3III (jlJo LjJJI j 3 -Jo 3^ ciiUi OLaJLlX- d_Ji^ 
3I3JJI ijljo Lju-oJsl j-0 UjJI JJii) iJbJU3 £^ 33 JL 5 ^Jb (^^1 d_cLcJl (J| 

•• 9 ” 

.(liLc*-^ ^33JLsJb iw*x-ot jJl) JoJl^ ^ti?-l3 ^J^ (t33J^b iw^x-ol j-o J3t) 
£^3JJ?-l ^J^ 3I3JJI ibljo d_Ji^ j-o (^yisl (^3 j^ 1 13 La^l 1 j^ 

J ** ■* 

^ 33 jL 5 Jb C*XX-ol (^^1 d_JiJl ^J| J3i?J3l ^^X.t£,L^l (^^1 d_JiJl j-0 

bjSJo U-O C)U-*_tui^ C*jlS 4 J 3 L 13 J-ol 352 JI 

.filterable viruses hpJulJl C)L.3j^ 1 ^1 
generalized ^1 0-0 ^ i3^ 

^JljI lil j 5 J .cLLkll CjU^ jj5 ^1 JLoijI jSLc diSl transduction 

cg-w-LlIl ^j-0 L^llg-iLO ^3 ^ CjJlPiJ (jt ^j 5 bo _£3 cdjlx-JLO ^3_a)3.03jS |3 

dfjo Lojj^ .Specialized transduction \ 3 ^. 

CjLLcpJI ULp-I dsLa 3 ^ £b3Jj\3 ^3_a)3.o3j5dl )3 wj3j^1 ^ 3 J-*.pJ 1 

.L*£i*aiCLo ^3£?to bj^^ 3 j 3 L^l 4 .o 03 _ai 3 . 03^^^1 

£ 4 JL?cLai^l) S^JlsCLo JjLai3 i53iJl OLjIjj Oj 3 i 3 «i 53-J1 OLi-Jii?- q^Ss- ^^Js- 
J-0I5 3 i?tL) l^o^Qj ^ LjI jo CjLLc^I Jiill (j-oJlJU t jlj^^l 3 

g-03 ^ 3 -^ Us ibliiljl blj-0 dJLlfii 0350 jl Jo Ms £ jMl 

CjUI Lajl t33jJl CjLoIJo C)J3l3 .Lo Jlp- io3So?to CJob JliijMl OLLoosS lidS 


L3I d-oA^j ^ 3 JJ 1 bjJl J03J03 osLiiiS^M 
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7 


qjOi'ioJI qJiJJ (s^JoJ lU 

£ 

9«i)» :(J9^ Ul 
Can the Receiving Cell 
Say No? 


jj-rfilL) IjyXJI ^J^S 

ft ***** *• 

(jA ^1 ebjl ;3 <tJ3Jl 

j^So (j! ij^~€ -CjLUj:^ 

(3^^j ^^3 ‘I Ij^I 

ft 

jIsCj 5 £> 5 lJ SjL«b ^J-ooj^LJ) UjJI 5^153! 

(jl d.S-t_iJI ^^)-o Lol^-ticC- IjaJI 

j\jj ^ U-o .jJaiJJ d_j3JJ «1 a1lpJ 1 io^LwJ) iJsjSij 

C)L:^Ij^I Cij^ia Bl^lII CjLuIjd j! tlAjijjJI 

0^ l^.u*jijl ijU^ iiAio 
4L_af3 ^ ^jJl UjJ) i^Js- Li^^5Slll 

Ija^o fiL jaclLI 

^.L^^Lux^I d_t_l.pJI (jl twi-pej .Lojbj^ LoLco-tS 

jjuaA j^l ^j-o UjJI i^Js- Li^^5sill j-0 


\Sjs^ kJillol jjs yja» 

OLjIjl} i^jlji i.Jl«s 3 cJSJiJI 

^SJcui L^jLi^b J.Jisl iil^l 
3 I (J^Lltl iajljfJI 
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SiiJLRltl CjU^I dljulj .1^ UjJI j3>i j-0 Oj-oJo (j!^ LuSs>\ OjLitb 

^ 9 

djIiJI Uii ^ L-xllaltl^ JloJI J-<s ^1 IJuJs 

-Sjj-o-tjl io^UsJl ^Jliss ^ UjJI 5ijj-<s-o io^Uu 

Xwi^l 

Restriction and Modification 

ft ^ 

5jA«*JI «iLoj> cLL) SjAji dls JJoo cjaiai>t41 IjJb LJJutjSl 

yt 

L^llSUi C)U?u_i«aJl Jj jiajJl 

" 9 

ij £ 1 <s_u»LpJ 1 Ljjl:^! Cu^^l .^ 5 JO i 3 ^ UMi>Jl ^ 3 -o ^j-o ;J CjLjLrJI 

tPasadena UjiL-U ^ Cal Tech 1 ^ 3 J 5 j 5 cJJ iJj^AJlS' jl^ ^ CjLj^c*«.a3Jl JjI^I 
Giuseppe tiUjo ‘U 3 J 3 I U->Jlp- ^jJJL^l^I ^j-Q jUjI tUjj^AJl5 

is-oL^ ^ duj^ Sy Jean-Jacques Weigle J ^3 dJL^ Bertani 

IJO ^ cl .«xa. 4^1 Ljj^AJlS tOjSU-o duAs 4j^jJ djhjsC JLrj L-^aIp- 

iwJ-aj U-^UjLtbl jUI .Uliajj ya J3l^l ijjC5LJl ^lj 5 Jl ^Lft t^jUju g-o J-o^l 
«c_Q*voiU p^SUpc-LI ^ 3 ->LJJl» djJ^ lilbl jJl CjLu^j^AJJ Gb -9 

jQh'i (OlJLsJl) LjruSLJl C)Lu 3 j ^1 jl U -0 host-controlled variation 
J5Ui MlaS .(^^JLsJU l^Lol djjUSo djji J^\ 4J.AS1X) 

IJuQ^ ^&_ufU 433_^52Jsl iuUdI ^3-o CjUwaauj^) CjU^jt^I ya J5 Ujj^ 

dip>o^ dSo J)-o S djjjJl (^ 3 J^ ^ 3 ^ «1p:jUJ 1 OLu^jr^l yA ;3 

CjLpj^I oJub 3 >-o .boQ 3 LI 0 I^JlP ‘S djjJJU L^3Lb jj^ (<^ 3 ^ Ca«-*.u> (jI) 

duSoCy° C ijjjJl t^Js- J5Uiu 
CJSww duSo Jya C ijjjJU dj^bJl IjwQ^J C)U^j\Afl 3>-Q 

tiiSoijji ^-Qjl ^jU ^3 -C iijjJl CjIpj^J 

tC iijjJi jx- ift 3 jj-ti s ijjjJi jx- ijuo^i cjU^j^i 30 c 

dLU [j^y ^- 6-^3 <d.<LiA.c% i)jS {Js- O-f dLU C.*.c.c^M y?6 ^Js- 
UbbjLssj iuLsdl iwAoOJ UjLLft 4 jI jS^Jl) .djusAs C)li3lip-I 'i>j^ (J-ft C*-c 
J-Lap-o jl 3)-® Ua yt Ja^ UjJI jU cL^Iaszj UjuSU 
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S‘«il» :lI 9 ^ ulgjol'loll gjI'SIJ iji^ lUj 


iiji iuLszJl Lii (jl (jl d.*5o;3^ 

CjLjLsJI lJLAiS^I qS^ ^ 0^3 tOj-oJj ^ ^ 3 -o 3 5 ^ d_So 

tUjJl ljJi> j-oJj ^ LfisjLlf'b ^eLaf-l Js>\ Jx- 

• llcO-O (J^j\iJl Ijuii (J5^ liUjJ 

bjuSLJl ^j -0 Liis^ ^J 3 ) ‘IaSo jl (Jl J ^33 '^J 3 C-M<ali^ 

dUi J L^) UjJI «JjJlrj »3 oj^^I UjJI (jusjJ) «Juj^» (Liu! 

^j-o joJlsJI dLLu^ .L^ ioliJl Jn-^-oill JjLui^ U^Lq-o iojJaj i^jJl UjJI 

l^**cQj 4jUi>- JI 1 IU 3 cjUsjXuf) j-O JjJ l52j/Ju-*^ dxvh)l cUjuSjj) 

UjJI j! ojptj jJlS^ J5^ j^ sj-ll ^5^ ^ UjJI ^j-o 

C)Lj1Jl> iju dAllcJ>l JjJlssIII/Juj^iII d.oJajl j -0 ju5 ^JlC dlUjJs (■dSii JSo dj (jtsU-Jl 


.dAllcU>l (^^jJI 

.JjAxiIl/jujJiiLI i^^ojpJl JL-o-iSUl LjiA^l (3^^ ^-^3 ^3 

restriction iJi^ljJl ^Ikis^l CiljUS^J J^ j^ JL^^iiH 

Jl J5iij) ojj^wo Oju^ CjUI^Io Js- Li>sc 3 3JI3 endonucleases 

CiLc^j^l -iJl^itsI Jh^i U-o (liJUjis UjJI JIL (djjLC-li ^I^jl 

& 

UjJI f'isy?' CiUl^l (CjIjLJS^^jjJI) UjJJ Sj-ojJsI sta^jUsl 

^3 methyl J*id,l oU-^-cw^ C)Ur_)j^I 43101 3^ JjAxiII .dl^SU 


(Siilf- d_tIi>-ljJl ^Uais^l CiljUiS^ doi (joiij <5JJI UjJI (Jx- 3Ji J| JaJocJl 
ji^U^ JjJlsu/JujJij ^liiU UjC5jJl ^JX) ^5^3 djji JSU .^lialS^l Ij^ Lo^ULo dJU^:^ U-o 
j! LoU^ 6jLi£-U UjJI j-t-^c JjJlscJI (jjj-U 3^3 .■LUotll 

UjJI 3° Jn.«-aill j^ 

9 

ljjLo^ Uj\I^_JI 1-^-^ ljIIa i—t.«-Q-i 3^1 iJ.Jo'IaJI ljIjUJS^^o l-l^jLo 


jAsUaJl ^loVQ'i iLJ^JuUI UjJI ^ U-uiU?- cUjL^ i?-llo 

cly:^^) gj-ojPiJ 6iiLp| Jlssj -djJl^i-o J5JI SiiJo^ J UJlU 

-Lj^-fiiUI UjJI d.cJLil dj_uiL«^l yjlSJl (yi>3 (Cj^-fiUI UjJI 011)3?" d^hTojl 
UjdSLJ) d_»A»5 J^c^- Sj-\Ao 4 a9 3 ® L^l 3Juj 3^1 oLufljjJ) ojjb 

.i^jS SjaJu:^ dX-Llo Jl 0>i! UjJI dJa^l^ 3j^l j-0 
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155^11 OUIJu ^Lo 
Prokaryotic Immunity 

UjJI ^ 153 ! j-o Lo JS^ jusJo 4 jj\ISUI JjJl5z1II/Ju_^1iI 1 ttoJa)! 

UjJI - 3 ^-^ ^ J-oJaj^I oJlH) .d^njjU 3 ! cjJuixo >!^I 

(49jJI dJjisJuo d_JI 4^ j! (JjJlpJI jj^I IJliJs J^U^3 ^ .Ubj-oJa^ 

clustered «J^L^1 ioJaiLo 5>«aHl o^Uitl ^:) 3 lbdl C)IjIjS^I» ^ ^j-o ^ 
l 4 xu*.U regularly interspaced short palindromic repeats 

IjL^ UbjUlf-U Jja ^3 (4jIs 11 4ulio) 1^1 .LoLc 4ilx3't« Cdl5 cCRISPR ju«j^ 
4^)3 Ju-oj^ 3 I 4uU- ijji hjJl ( 33 ^ jyu*j^ j-oJl> ^ -Li-iSj LulJa LpLLo 

JSLwj .J^ j-® Oljl^^^ J-oju lj3j5Loo 

JUlj^I 3 jU 3 Jlaj (dUJJ 4:?t*lj3 UjJI ^j-o 4jUj?J (33JJI CjLUIjd 

ju-0 4jI Jx- 3£>J Jx juoJ^ JjisJLtI ^jbJl ^jU ^ 

gjbJl Broad Institute :) 3 ^ 4452-0 j-o Eric Lander jjJ^ djjj J-i j-o <Jj^ 
3 )-o ilLw-c j4j?J) Ja-Lpij .jjlsjUb 452-oU>-3 MIT L5'-3J3j5jdJ j*CLuf 3 -tiJLufLo 4452 -t 
^_^)3 cOllt:^) jyuJ^ 4*.L4ll 4J-o^) Olx-cJall) ;3 J.JiQ.11 4 JI c..»-**«.L) 
41:^ CcJx! 2014 ^UJI ^ .^Uis Cilowlovll oJjis juU j 3 SU_ui I 4 JI i3>tcLLui 
1 ^^ 3 jS ^1 Jl:^ j iJLic5I j6]» 3 Jb jyy^ jl MIT Technology Review 
^Ix uQ*^3 JjljJl^ Jj^I jl5 (JliIU3 iwcuiKXI Col5 .«jjjiJl 453^^1 
jjJ^ 452 j?-1j-o ^3 Ljj 3 ijJlS^ 452 -oU?- ^j-o Michael Eisen 3)-^i J^Us Lp-3J3^1 

.«)j\ijj Jo \ (3 4uJx 4)lxi» l^jU 

ydjij (bioinformatics i3f?Jl ^Lo3Lzil UjSo jyyjS LiLijS"! Ji^ 

3 4«a4Jl CjIJj .4<j?J1 CjUjI^I cqIV'^ UjJI LJLJI 3L0 dj;LQ-o3 J_Jj?slI IjJd^o jlS^I 
OLilji lJLU 3Ji)3 (Francisco Mojica lS^3-o 3SL*u^[^ }^)} LoJOx 1992 ^Lsdl 
4Ja^3itl ,_^lj^3Jl4Jl jl ‘LpU-^U University of Alicante ^ Ux 

^3i£o (i^^jJj jlS" ^doU Lyd)\ (3 jIi 5 zJ 1 ;yi3 (Halofecax mediterranei 
(UjxIs 1^33 J)-o Si4^CLo \s>umJ Jl :^3 .UjJ) CjLJ) 31 o j-® ^ipyym Jx 
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*r«il» iljg^ ulQ^^LlioJI Qiliiil uioJ lUs 

4s^1j Ijij t^l) Jlio 550 ^ palindromic ^iJjljSo LJUI5I0 
J.*aij 1^)5 (Able was I ere I saw Elba IjL^ ;3 JUdl ^ U5 3 

4 LJLqJ 1 CjI^IauJI (^Juo .LoLjj^Is 1^53 36 L^Lo J 5 jLj Ljl>iljJ-ol L^lo 
3 W (iliilidsl LjjC 6LJ1 ^j-o JjJlszJI 33 3 CjUl^liil fijjl) tji* LJJj?-^ iJliJl 

qo 2^)5 ijliaj Oj-^iCLLo 3 ColS^ dSj 

l 5 j^ ljjLo LjUl^itl (jyj2s liL) t 3 bjCiSLJl 

^ic-LL^l 0^ CjUl^i-tl 6Jjb (J.it -CRISPR ^&-4yL) 

i^Js' BjjScdsI CiUI^ilsI oJjis C)Jlp-3 LoJuX- j^! tiuijij! oJuajLid,! oJjis C-ct-«ciS^l 
liUs dJids^ LcJ 3 ‘b) dAJo^ 03^' j! ^ -<53^^ CjLuIJd jo i3lJaj 

joictlj UjLo^^ 3 j 5 ijiSs' Jx- ‘(33-dI CjLjIjo C)Lo^^ 3 j 5 i^ Jo-Olotj 

•**•*•* •* •* 
aXubLw (4_«JbJ) 4 _LJjl)) Cl))^.>cu4J) ^^33^"^^^^ 3^ C3 Lci.p 3) 3)^ ^s-^imj 

ibUJl Uii j-o sil3^! ^^^^3 3^ (J1 ^b.ft^bJl3 CjIsLAiS^I j-o 

(33^"^ (^1 Lo>iiO S^^LCcO ^.roO^^bJ) 

i^JlssXI IjjJb CJiAlp-I 1-CJ3 cb^lpJl L^J-o Caj:^ iojlui (53 IJl 52J ULoj ciJuiJl oJois 
Ju-oj^^ ^Ipcisb 3! itubJb d_^MJl (53 Jl 52J1 j-0 (3^b 3! L^UpJ 

dliptltl LjbJI^ltl 3^^ j! LoJl 1£- CiLbljCS^l oJlH) i?uj> ^j-o ^J.apclIl Ju«ap- 
jo^lJ Streptococcus thermophilus dj^\ b>6o io3L£Lo j-o Ji^ 

0^3 -ObjUdl ajj^b 63I1J-LI3 ax-Lco ;j aj^pJI ajjabJl ^JlcCLuJ .oLobdl 

•SijLpuj oLblx Jui ijU^l S^pUit) jyuj^ oUl^io 
aJnaij^l obJl^itl oLlxpJ) 3)-o ^^3^ 3)-® cjjiLlb 

3Jb3 (Cib^Jl olib j^i . CRISPR-associated sequences (cas)3-*ujjSq 
.b^iSbJl ;j a^ajbiJI «C)l3bi5^^1» ^&-uib ^33^^52X1 ^3dl 3^3 (baJJ Udsls l-c3jl ‘^^^9 
I3P-I3 Isllp ^loQ'i bjLU a^dsLoJl CiljbJS^^jjJI ^^ia52-o 3^ Cas9 jbiS^^^I 

fa:^3ijj5 a_iJi3 Cas9 3biS^9jaJI ibaJJ ^3'^3-^I j33-b>Jl 3)-® 
j-o aj.*52-o aohlc' Jj Cas9 jbiS^I jy^J^ ^Llij dJu ^hoi 

cl^^! 3_**o^ aohlc' jl (J1 ^3^ -Ju-oj^b 3I ajjl^ a_Jp- \j^ Jj3ptllb3 (bjJl 

iobJl bli J-o5o l^J-0 ^^_uJXI bjJI jls fXojLuJI ObjbJl (33 IJlP jx a^^b bjJl j-o 
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rUjJAll 


UjJI ia-*Jj-> tJ-olS^l IJlH) .d_a£?-^ (53^ 

3! iijUsJI Uii Cas 9 .l^5s-o Cas 9 jLiS^l i^^-o (4li^IjJl ioUJb 

(5^! 4jJI jyoJ^ ^JlQj .LjjC^LJI 4jUjp- 3 <5jl^I jujJj ^ ^j-o^ Ju-oj9jJI 
.Ob.*::^ bjJI bjuSbJI 

IJlP3 Jwoj?ij Cas 9 - ja_uUj 5 ^Uaj jU tUjJlj d .^^1 d.*it_£bJLtI (Jj 

Uj cLiuI (53-01 ^jJj 9 .^tcLSEXI Ciboji^l JIJlJLuiI 3! C)Ll*j:^ ,^3^jJI JjJk^allb 


djsJaS dibjis C-Jl 5 Iil3 .IJois Cas 9 ^hoi ^ (L-^osUsI 9 -o 5 Lo Jlsu 
5 t^is-OJI 1 ^ 3 ^^ ^ J5-IJJJ3 3J?sjj J-O^ (Jj j-op IjjJI 5-® 

^o-oJL) .^^bLui l-a^lsUsI JjuJLt«_t_u) ^9-oI CiLJI ^iajlJI 


^lico Lo J5 .j%LJI 5 L^ (^y?- jjU ( 5 I 5 UjJI JjJlssj Jx- 5j-xiJU ^Llij 
.(Jjzj^U U^I^^ (P-JaJI Up) l-Li^ ^^ 13^3 t^-^o’U-^I p-JaJI Up) 3~^ ^-J| 

ft ft ^ 

kj • Ollxpl JjJlszj 5 Ip-5iip l*-‘g.*.J:? Si3:>3-t>) 4<\h*)l CJJlC- 

i^I^ 0-° Jennifer Doudna 13^3^ ^ 4o^! pS^SlI 

j-o Emmanuelle Charpentier (JjpUI ^ j3UiIU JSjo J pj3AJlS^ 

53JL5JI ljUjoSI 3il3^^ii^ j^j-®3 Hanover Medical School ^^paJI PpUb ^ 
53JL5JI iwds (pU! J Helmholtz Centre for Infection Research (HZI) 
Laboratory for Molecular Infection Medicine Sweden JU30JI 5 ^ppl 
j^P” iJaji -JJ3-0JI (Umea University 1^3! is^oUp gjbJl3 ((MIMS) 
L-upJI UjJI (P^- lP^ssiLI U-ti>J^! - Upi 5-® Cr-^I P1 CjJloJ ^pl 


Objy:> U-fi>p3U2-o3 d_cJJojlJ!f3 Ui3i CJajj .Cas9 JLI530III P^- ^-^13 


.pSo (d^! 4Q* Jo'i J-5i:^3 >p J^ pj ^liajJI Jo-oO U-o (Ue-o Upi 
juojP ^Uij pj5^3LuiU ^93 e1I 9j 13 a5p5 j*’U*i! jJ 5 p-’ (P^j-® 15 ! 03 ^ ^ 

I—(5J-II (p>^?c-*-LI ^aJI ^^^1^33 iwtL^L^lI eUS iP-ft BjdXI 5^3 ■Cas9 ~ 

jdj J3 SLptll BjJLUjI CjLp-^^eJI (piotS ^3 -PP>I C)pl3 SLpJI 5^ SUUs-o 

ioopj^I Loj^-JI jl ^liUdl jLu) ijji .SjdaidI 4 j_Lo. 5 eJI 3 L33Lcd>I pisEJ 

LuSp .io:)IiJI JL^yi p ^523310 jdi Mjl3S^ pl 5^^ ^ U-o germplasm 


UjjJ Jji> .i)jJxJl OU-Lpl 4ft3.oj^ p JuisS jb- 5j-oJuo3 SJl>Jl:> CJ3-Lft Jli'-il 
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S‘«il» :lI9^ QI qiqI'IqI I qiI-MI y<oi (J_a 


^3 L-ct-tulII 4 jL^ ,1-)« 4^* 1 JUjdP-I >^5:^3 J-b (Lo BLj?- ^3 

.4j2ui»5j.u*ja j^ (j^jl 54 _cL^I,uU,) Ol^-tpJJ (iS^jSZA j\t- j) 

(J| ^^UsJI y-o ^3-JI -Li-52-03 3^5^ jJsLc^,! OJjSs j| 

(Ob-tpJI i^Jl^ J3S0 C-txP- (41c>-^I y-0-9 (4.*SLtJj_iS^^I 4_u)jU-lI 4lc>-j-o 

bj^*. Science «,_^La.» <2015 3JL0 j OU^I dJi J U 

9 

;j CjIJjj:^! JjJlsCJ j^mJ^ tlCLOJ CooAiCLuiI ^^l3 tyUfaJl Co^^! ojl:^ 

Junjiu jjl3-il> ^lllll C-JIS3 .cLqjJJ ibLoJl j\^ i) 

Guangzhou 33^13^ j Sun Yat-sen j-a.-C)lj j Huang 

Beta 0031c- licJl 003^ (HBB o^i^l JjJlscJ Cas9 - ^Ua) 

y-o JLJI3H iojjis lilcoj 03Lob 13315^ -b j^ Lljjp- 86 ^ globin 

O-OipJI 0-0 oy>3j Jlssj .thalassemia Lo-t-uillill ^&-uib 093^^52!! ^jJl LjIjJa-oI ^Ij3 
y-o .LJ3LiaXI j-uilll Cxlo-o- CjjaIc^I 54 y-o Jai3 isoj! ySJ (41c>-^l y-o 71 
C)3l£?-I b^UJl oJli1> (j! 3Jis i^loU CijIj| j^S^l3 .Ja^ ^^ja>b9^ 0^^^ 

LLuU jJLmJ i-^lb j\C Ljb-t.^ ^ ^(^‘'''" L' Ljlj-oJaJI o^ i^l-Xcl 

c ^ 

isjL^lu*!,) j\J^ Oljot^ll J3^:^) JUlc'-^l o5J (Ju5lllb o-u*j?5luf .003IC 

.^l3jJl ^Js- Uls JJaj^ 

^ 41 l 5 !-o CjIj-oIs d^jy:^ 6bl5 OblSloj Laj! jyuUjJ dlil^ 
11^3 0-0 jaJ^sij (knockout mutations alh-gjl Oljohll ^b 

0-0 4C3IL0 ic3.0J^ L^ljLCCcaf^ O-oIJ jJlSj 9 0-0 (^jljUl .41<jgj oU> 


«5Lj?J 1 ^3ic ^ ^ 31 qJ 1 » S3^L:> £li_JljjLii3 b*i3*i C*j?C-o (U^Ijb^^ IjjJlSj 

;yb3 (2015 ^bJl j 0^3.^ ^ Breakthrough Prize in Life Sciences 

J dU. 9 .CJ>j9I il3j 0-® Mark Zuckerberg ^jOjS3j dtjU 1413^ 03jb> 
bjCiSbJl l4J3b> ol -o^Ij-oMi ^5103]) JjJl 5 uJ 13 ju«Jj 5 qS- IJjj-o ^-O-uC-ul Lbl 

S3MC3 .ioLuj^I j33-lJI ^ Lujjj lj3i JL*S^llIb (3^31**! oIJlsJI 33^1 o^ 

^hJb3 ^Hu ob i^blLc^J (i^iJS 

• ^ c c c C 

3IJ3JI I4C3IJ iw^ 4.((0 C>b 3 j 5 m)l o-o ■d-fcujjijJl OUjbLuJjl 3b jl -bLol j^l 
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rUj^AII 

.(5^1 CjLjIJj jo jj-uOj5 ^liaj ^ ^j-o Cilltsl liJllii! j! JlSJ -JjI^I 

Cas9 - ju«j^ ^liaj jj -0 JjJosj JL4_dlj i^Js- Ijils j^So JS 

Loiiiijs 1^^ j-o-woi) (5'^I (CRISPR-Cpfl ^cp-uiL) 09^ dlljji) jl ^I^JI 

IBj-w-o ^3 OLuj^l JjJozj J-i.ai*aA 3JuJ .\y~S 1JlP3 j 4^ (jLiS^jjJ) ^j-0 

.i)C>l:>M52JJ Wj5 '^bj-^b Jl*51iI1j 5 (iilsJJ 

^liaJj CjLUj:^! JjJoall iDl^l CiUlSLo^I CoJu:^ JlqJ 

I j ^3 (2015 ^j-o lU1jL)I ^3 ^ r>-11 i,iLI5S^ 

j^JJLo-0 (jO ^j-o l)^ -j^auJI ^3 ^IAitcxauI d_(At9LLt 

(National Academy of Sciences ^^IsdJ 
Chinese (National Academy of Medicine iwJaJJ 

.Royal Society of London jjJ j aAdil d.yzAs^\^ (Academy of Sciences 
^ (jSJ^ ((JLpJI 09^1 ;3 15"^ jl j\t- ^j-0 j^Sj_u)» 6jLi£-lj I^iLaUl^ 

C.<-*u.(-l ^^,<0^1 j! ^3 >1^1 OpiU-I L-o^» (49^^52X1 

OJjb Jj-Oliw-o eLif 9 j .iJLpcluf iJ^jJ) l^IjlSw 03 l^Jj^So jl9 (d_ua-JaIj dMw l^jJ 

(jSo ^ jl (jljJjJI ^3 


^3^1 OUIJu ^ OlU:^ JL^VI 
** *♦ 

Horizontal Gene Transfer among Prokaryotes 

CjLoIJo jo Li9l JLilj9 J 39 I C)^ dlbjis (Lblj (^.tlJjJ 


Cij^is jj CjLoIjo jl Laj! UjIj b-iSJ (jljvi^l 3 I 3 I aJL>tiu'^I 

6 Jli 1 ) . 6 JU 5 J 03 UjJI IJjis JJLo CjUI 

^ „ t- ^ 

'?C)9L^91 oJlH) Jit Xjj^Jalll XuiJijJl i^Juo Lo C)LL(j:^I (jiaso J-ilJ CiU'lijJl 

Jia5 CiLlaj:^ Jl^ijJl 3 ! jJ L^ iojpuj i^_yb Jjis 

Lo CjLoIJo jo CjLLl^I (Jj JLlliJl ^ 3 -^ ( 5 ^ Lo 'Jdjj^ialll 4993211 

j -0 432ia9 (^J-P 33 ^^! :4Ji91 jj5 ^ 13^1 ^9j dllliSs ^ '?L^ 3 Jlc>- i^Js- J^jJl 


oLllpJI j-0 3I j^J-p j 3 i 52 Jl 3I ii^jcSo ^301303^ J^Ip^ UjJI 

4,1^13 4.JLJ00 3 ^ Cy^ ^ ^uuSs^)i\ 
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*r«il» :iJ 9 ^ ulQ^^LlioJI qji'SIJ ui-oJ U-a 

JloI 52 j j! L^iSLe* - Ju-ojMj 3! ioU- - UjJI 

CjULu SjlpIb j^I dlbjb3 ioljo ^ UjJI iJl^Lo 43^^52-0 ^liiJl ojjis J5^ 
Ob-tPtll ^^yis^I JliiS^I OU-cJij siIj^U ^-<s_u*j U-o (CiUl^itl 

.^31!) OLulJa ju 

^ UjJI ^j-o iuji:. 3JuJ 45sia3 j^issJI 3^3 (4Jii^I ^j-o J^^I ^3-JI J^aIssj 
UjJI Lo S^U- .<xAi^\ Ui <x^ tSI^jJI 4 jjIjl) ^3*^ 

L_iiiio ;3JJ1 t4j j^Ukll UjJI j-o (G plus C) C jJlj G 
jJIj G *=3^1 (33*^^^ 63^ 3^^^^ -J-t-iicnJI ^^^301303jSJI UjJI y£- Ji3c>JLo 3?^-) 

C jJIj G CjUjLj (j! U 5^ t^3Lij?JI cl Ij^3-o ^plSJI Ui C 

^ UjJI ya Jx- 3315211 (J^1^3 -4 jIs 1I djuAL J3SJ d_*«_aj ^3JI t^jb'^ Jm 

UMiJI (j<a5SJ j-0 dA*j>3J IJl*:^ ^LJii Jlssj (dj_aL?JI y£- lAIIcu c^^-3 ^3-1-^ 

JLiilj^I J)-£^ dl«aJI dA^3 jX 
3plSJI Uli J«ol5 j! io^^I ^liUixLI t>o 3Juj J 3 (J3^I 

CjUjISJI ju 6^3:^3151 6 j\aSJI CjIs^Iic^^I ^&xj (^^Ix C jJIj G jLp-30133*^5^ 

3! (l^j y>\^ 2^5^ W CjUjISJI j-0 dX3<ij:^ 3! j-o^I 3J^ .d_L?JI 

ft ^ 

IJ^ j! ^21311 C jJIj G f^y^ d_jLJ j\ 52 -o Jyoduij y^- U^^s Ij^-*^ JuAcIj 
.codon preference 03^3^! cr®-***^ 5^3 yt> 

SjA^iJI oljb^J ju 3)-o oJ^ jLii^I 'd.JiS (3-j^ J-tAjiiII Uliss ys^ 
UUU iju3ii3SdI ^ -4JJIJSCJI SjoJui 4.01331^ Sj-LwJI bjb US^ .4JJI33JI 

. ft ft ^ ft ft 

3 jA^^I 3! U-£bJLC>-! ^IJlcCLuiI ^ -Mix) (|ju^! J-tJ-t9 ^jLoo^I j<2.ojpJI (J| UUC3 
3 C JJIj G 33i£?to 3 dj! ^j 4>I3JI ya djSJ (gi«aj ^^I C)lU3jJI d_tjj 

3)-o C J0I3 G f-y^\ f^ys>ui lilj tUUC j3i3SJU d_JL:?JI lilj UJ5 - d_Jj:?JI Uj 
3! liJupij 3JJI Lo 3>^3 -^3-2-^I cl Gibb^cJI I^aw-oj djptc-JI gj-b J^SLc -UjJI 

'JCj^Luiialll OJjb 4:>3J 

0-03 (Jj ‘Jaxs Ujbi cj**i^ 6^ (J^ssAJU L)U3ljSo UUC3 UUU jU3:i3iJI 
Jx3 djJf. l 3^^5CL) y^ dj y>\ 3 ^ (J1 03 ^^ .dJ3*j?JI ■ 4 uL-o_ 3 Jl djJjJI 

ft ft 

Ju_t*i!3ii-ol C)UiiA^3 (tRNAs) J3LJI UjJI ^&-aiU jlij^sj) cij^cJI JuAjiI jt^lAdl d^jjj 


187 








rUjJAll 


yXi Jx aminoacyl tRNA synthetases JiUI UjJI 


U-t 9 .l^'g.I.A) Objj^l 4 _».a 5 

.«d.LA.aj» t^jJl 

CaS^JI J3j-^ ^Ijfu ^.tUJJ^ (Ju<a 9 l ^50 dlA^I Cib^ii^Sbl J-o^ tdUjJ ds>uJj^ 

dLb Lo! i^jLllSl 5£>tl> dlAa-LI Ob^ii^SJl ^^t.u::L) ^^1 CiljiiaJl XiS>6 .d_tIi>Jl ;3 
^.uxoJ C Jolj G sij^I it-tuj IJliI) ^Jlco .dUJi5 C-*-t«_ti3 jAtS^bsXI oLpcj^I CjJupcj 
L-*:^ c^iuJil^J] ^jX• L_iIlio i^jJI bjJl ^j-o tlJi-Jl lil .d_tIi>JI bjJI 

(ja 55 j ^3-o ;J! aj! Jl) ^ dj! sj-LI j! 

* •• ft 

jb ‘(Ci^bjAalll ^j-o C Jolj G b^UJI 


.Sszj Ojxxsll ;jbJl CaS^I L^ ^1) ^ 4jjIai3^I 

itsiLaS jl (J| jui-) (^jJl Jus*-^\ J-JjJl ^ji) C Jjlj G ^ j**-J 

JLaij^l ^jlo jP- (i^j^lalll j-ojJl bj-«J dlc*'j-o ^) CJJiljl J3 bjJl 

a.TJn.Q.1 Sj^b^ijs OLoi^j^b CjLu^ 3-^5 tOj^Luo j^l .OllxpJJ 

CJa^l 1^15 tguJjJl ^Jjjia (jp CJpijl J3 d^hSll lilij jl 3-‘2i5 tbjJl 

OllxpJl ’^5^5 0^ tjjliib^ -(Jj^l 4Ji>- jj3 C*1 qj5 {^jCSo (J^5 j^ 4Ja-ai)^ 
jp bpsi CJPajI Wj OUxpJ) OJjb jl I^js- 5 -^ CjIJu-OJ^UJ 4xC>-S^ OUl^l^ 
LjbjlSbl 3 l^blp j^5ZJ ^ - «4 j1jPJ 1 4LaJ OJjjPJl» CjLLij:^) jl U5^ J^ 

^ .L_*ylj LpsI CJpIjI j^Sj j^ J-«aPtl ^y2s - ^iLaJl 4iLJ5 

JLiilj^l j^jlp il>il jp CtPuJl Jj^l j-0 ^5_^5z-o 4JAJI b>i iJl^Lo j^Sb jl oj?u Cj^LpJI 


.CjLo^IssXI OJjSs (Jit lj;^5 lp>i_^l*u-o j'^l) Lll^ .OLLlpJJ 
j\s> 3! cji-JI U" (fljJPcJI CjUjISJ) j-O JjJlsJI CjLo^I^ dlili JlQJ 

CJjuJ) (^Jp OLo^Ia:^ l^'bLo SjpIs 3 «iba£>-b ^UaJ) 3j)j3 JaPlco iL^lLLLuf 
.Lo3^ 65737 ILIa*. <2015 >>3:^! j-o IjL^I .Genomes Online Database 


.aJLiLuJI J 3 i 3 3 3 I bjj:> jbSJ) aJLalw O-^ 

•* ft ^ ft ^ 

JlpljJl CjLLoP ^13^ dpl^eltl C)L«ljjJl C)j.iail (iliijl 6Jji> Jio 

(^^iiiiJ Sji^ a_Q«I*n 7 H jiij ^3 (dJjisio ^bj jP OLl*:^ 

(OLailjjJl 6Jji> (^Ajp-j Li«alc^ !ili<s3 -(53-bI CjLjIJlJ 5Ljp- (^1 4£>l«3 ^ dlSbij 
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^«il» :lI9 ^ uloiidioJI gjl'SIJ lUj 


Howard Achman jUJil Jeffrey Lawrence [jtlyA 

4288 L£biiA£- ^LJI j-o (4jLtI ^ 17.6) 755 j! Jj d_iSo 

J3^I MjaiJ-o IjJu?- 234 ^j-o C.<-*.«u.'z5l J3 
Oli 4 jj?J1 CjUjISJ) ju CjLLsx- jjAiij 

(liUi (J| .LJlAlSb j! ya C Jalj G 5=3^1 ■ibU-lI 

J3J-C (J| C jblj G Jjlp ^_^L^^I J^ 

^Js>6 L^.*ujij iuLaij^) S^^JJ iptJjiS d_»lpJJ «1 aAL?J) 

(^I CjU^I 1 ji>j ^3 dUJJ^ .amelioration juui?cill Llo^ 

L-cuij lj\^l L..dj2.Ajl 

O^JlpJ) j^bstl) J3 .C Jolj G ioo^-af^3^^) 4_calpJ) C Jolj G 


it-uJj Jip-Mtl JJlssLI 

9 “ 

jl (jujfiUI ^P^dbEJl jIJuo Jx- Co^^! CjLuiIjJJI ijji juSd LI33 

j^iaj 3 )-o 13?^ ^ G)LLtj?JJ 1J3S0 (j! ^3 j\^ dLu dibji) j^So 

dJlJo^ 3! JjJuPtl) djllsaltsl C)Ll*j:^ 1 j! 3)-o CjLuIJl) 

^ ft ft »* *4 

c^Lsap-1 lj^^I -9^ Ob-tcbU ^Juj £i<^-o 

.l^laj Jlsej Ja-dipij (j! jSS^I 

ft 

pathogenicity jy^ OlixpJl 3 ! OlixpJ) j| 

L..^3l3^ 1 ,,^^ Jb^o L.jLt_u)^ yi-M*j ‘islands 

CjJupo j! JLilj^I JJI5J 

jX- SjoJl^ CjIjJlqJ ^y?u:S OLjb CjLuIJo j^laj 

^3 BjoJui^I CjLl^I ya ljLu^I 3 )^dc .CiIjAlaJl ya jjJlsJI ^\y (3^J^ 


03-00 jSy 0315 ISl ,hQV‘?iLoui3 tgLu-dj CaS^JI 
bjCiSdJl ^l5j^ (J.C- Is^O-o ^lio dSj 

OjLLoX- (JOssj OoJup- .jjilj-o^I jy^ OIOj:^ JlllS^l 3)^ boLo 0)j\^ 

b^Sba iu^J^iLll tliSo .L-aJj 3 Jl^ ;3 JIaIj^I 

OJlP (JLs^j 3)-® 4 jUI ^ 0.1 iS3^ ^ Oolo- (jOoII jl>;3 cbs-o! ^ illlLi 

4 j^^.***j L^bijS^I 3>^^ 3)^3 (LlJbjJs 4xpJl OLblSdl 
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rUj^AII 

cj^ jIlxssJJ Cij^iaj d.Sj j! 3^^ ^3 

<ls-af)3 iu^^Al) 4_5 o.J sliUj) ijUaj j-o L«aj! 

L_ic>-^LuJl J^ix) ic^lLo CjUI^ojp- cL^lp-! ^ ^^ySZJul:> ^^.JLo (4 jJ^ ^J 3 (jLIIj^I 
iu^^Al) 4 x 5 o 61 •Jjl5-tl '•^ 3 L> j<^ o**-*^ ^7^-3 ‘J5-^b 
jLsJJ j^iii J-Ji 3^ ■ ijLo 'Sj^^ 3 3^ Sj-uTo 3 ■ ‘^'■^-*-6^ 6^^^ 3 

^3 6m,l ioMui jLli^I jxiLui! IJofe JJU" ^J (4jjIjJl CuJu?- Cj^Ij 

dI^I CJ^Ij Jl^ (io^J^oJI £i*So CjJs>^ lil .6Ju?sitI Cib^^Il dUi L^ tjljJjJI 

.\j^i^ l^^l^luf) jLlf-l 0^3 3^j6b 
^ i^Js- 6jLb j\^ iu^J^oJl £l*SoC j^^Lui 

ijup-LJI ju i^Js- (433^^55 -LI SJu-ojtJI L^Iss-o-u) jI ^^3^^ Lo IJ^^ L^| Jj 

o^ j3^^ Ijj^ ^.o^J^iLIl ^^J^LJ1 d^Lp ^ 6| 

^jjl5 j^l 1^35^ ^ djiAiII JLpto 1^363 4x^-31303jS6i>l C)3c>tJl 

4*So4 j 3^^I 4«.lalll 4pll*i? 5^J3^ .L-*S3SJ1 i^Js- 4 a ^3 4LaiIjii 

(jJ3*uj^I dUi L^ (CilctlUsI j-o 45L*«l3 4P3 oj:^ g.I.«n.l dijliis CiLoSo 4J3J3QJI 

c( 4 j.J-qJ 1 C)lj3lll ^^UJ) ^_y7u-t«jJl j\:^3loo3^LJI ia-*it_Lo3 3-0-bl 63-®j-‘^3 

^3i«xLI jy^I 4 *jLiI1 4uxpJ 1 3'g.^La joSy) jy6I gi«aJ rennin o^jJl3 

C)ljl3*jptll 45 sjIjJI SjLSsil yo 4tlp t^^JI (LsejJs 1^3:^341 ijr^jJI ^lAitl^yL) 

djSo<5jb'^ 4ptllj <5'^^ 61-^6^ 6^?^^ 63-6^ (5ij\sj<aJl 

5iiLa-o ^La:^! 6^^ ydl 4jJ3J3iiJl 

.JjisJuo 3b>J| 3^3 t cl ^IjLCtlu)^ 4JJ3J3QJI 4.1S05 JlQ. 5 s-o 

(4,0313^1 4 _iSoy® ‘bLis (3jb^ 6l^ (Lo3oP- 61^3(^7651 L^Islo-u) c^ 3 
j! ili! j^l dlbjis .yhi^ l^j«a5U3 tjblj-o^I dtis! JuSllIb ;y^3 

L^j 3 ((3j3ialll ^jbJI 3)-o Li-uU 405^^ SjCS ^ jblj-o^ 4jj-u*-o i^jb'^^ 

jAAil UjJI ijji siI 3 j ^0 «iy>Ij-o^I j 3^^^ c^^-bJ 4 pl*ij tbjLo- jLo 

^3) Juxissj .Ob.*::^ JlllS^I t^Jj-b (j<bIj-oMJ 4«.j.*u-il bjuSbJI ys (j«bIj-oMJ 
i^Js- 40313^11 4*5by® bjjLp- 6jJ3it) 4«iyo-t>) 4.«.«.«ul) ^jJl (yytl 

•l^loJj ^_yJ) SiAptt) (ylj-o^l 
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*r«il» :iJ9^ ul'^^tlioJI Qiliiil uioJ lUs 


d_3oj-o ;5 j1j3J) OJJt ja52j 

uropathogenic E. coli ^^J^iLIl j-o J3JI ^jaX\ ^jb^* 

ft ^ c 

0 -® *4 51 l^! (j<bj^ (ttcolj-oj gjjl Jx- (UPEC bl-«^i^I ^.>^ 3 ) 

^jj5 ii 5 ^ cijj-oJLo (jiis! JlxiSl oLlox gjj! ^3x JJL) ^ U 

pili Oljos^L) 493^^5^,) iccJ^jJ) (_yi-31 J-^SLuo ojjb J.o-«^3 d_»j-u*X) 

ijjuSbJ) j-o JI 4 ^^13 (Loji-ui ljbUj53 F Sj\-‘g.uu.ll U Jlc^ J1 stc^io Lo 3 ^ 3 ) 

•(J 3 -J 1 J-w-uJ) 3 UMio Jaiissll) <is>^ ;Jx ^jLsll) Jx SjJlqJ) dlllf 3 

-^3-3^ (3^^ J^ 315 ^15b?-b iblilsl b^Unj ^3J.5^IJ j! 

b^UJb j>aj ^^1 ^3-0-wJl J_5biJ dJa-uil^j Sji^JsI (53-0-11 

CjLLl^I dJuJs CJ 35 ^ bs-0 .4jjC5bJl b^UJl dXjj<aijl b^UJl Ij.a5^y33 

^3^13 aJ^bo (^1 4_iJ3>l3-^l (3^ aJ^bo 4ii4_wAA53>l 

J^bf-l 3 ^ (Ja^-Jl (C)3lb?Jl 3 -^ 3-11 (J^j-tl 0 -® I 4 J ^ *^^ 3 ^ 

.bjCiSbll SiibaJsl ib 3 i 3 lb dji^^lx 

j-o 5^! C)Lfi-J3J (Jx ; 33 l 5 ^j ^0313111 da 5 bj^i^l 5jb'^ c..c*u 3 

enteropathogenic cU^kl i«byxtl ^313^11 j^jJl Jl^**-! j}^ 

jlijjJJ djtiJsl iu3J3QJl d_5oj'^^b Ulx) ^b-t*Jl Jl^uil 3! (EPEC 3! (E. coli 

& 

tJ3i>^)3 t^jb3J)3 tojlj^l Jl^l 3I t(ETEC 3! centerotoxigenic E. coli 5352 j>) 
.t 3 j 5 -l J3-0I iju Qji ((l-uIj^ 43 j-<i-t>I 43313^1 4 _iSbj^^I) cj3l5Jl3 (j^l-*-^l3 
d_w.**J>) bjuSLJ) jjJJ .iJ3J3iLl) <lSj j^i^l jiblj-o^l jj£^ ^3^3 j^^'‘ ^ 

5 bjJl j-o i^Lbil (^Jl^ (jilj-oMJ i^b^^ 53^^1 

Cib-tpcll ^j^ 3 ll Jlxij^U jubJl j\^ 3^^^ (j^Ij-o^I ^^3^ ■l-ft^l-®3-^3-®3j^ 

jX 4 J 3 b*i Jj3£^ (dUs 3! 6iji-o Jx) CjIju?-! J 3 l 3 5-° -53j^^l 33!^! ^ 
4 J_o 3 Ju :^3 JlqJ .Cct-o-o bbj?-!3 (jij-o-o (J| ^0313^1 4 _ 5 o 


1 ^^jAtSbxJJ 

LbxbJl ^&-ui3lI C)li 4jjJJl bsJ3jj DJuis CjLLl:^ JlxlS^lI ^l3J j^l J-ssJ 
Ijxs Xaisa .1982 ^bsJl 5 0157 :H 7 43313x11 43 oj^^l tb (Jj 

i^J^ (43313^1 43 b jb^l j-0 ■bji i^l Jx 4 x 33 ijS^ S?'^^ ‘Lt^J-11 ( 54 u:?j ^1 ^&-ui^l 
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cUj^AII 

jSLf (j1Ju:^^3 (4jjJlLI jjLlII 

JLa-o^l C-fjpu-o 3-J^ t^l ( 4 jX-m,I U-^UtluiI c 9 LijSl 

Olj^Swtl ^jlj'i ^■>.*.i.)ji^ l^JLptluf) ^_yi>3 ((L:>^3 ju*J)) 

Jlc>-^ 3-^3 (4.*£>iJ2_uJ1 CjLIu^jJI 6jjt> Jlc>-! .4JLpc1u)^I l^LAiS^I^ 4 j^jJI 

3! (Ohne Hauch ioLi^I ^iiilll j-o ,^31^ O (ttoLkll 

Lo! .0181 (jl 01 ^j-o 181 3^^ ^3 laji) .«s:LticC- (J3'^ 

Hauch gUtcT-ll H ^_ya-u*^ (d_cLkl) flagella Js^-ui 0^3^ 3^3 ^y?cla^) 
Jui*wj .CiUbiiuiI ^■g.wh.i g-o H 56 (JI HI ^j-o MSLii 53 ^3 ^3-’3 t^U^b 
Liy?- ^3?tia.ui gbtcgJ iijnjjllll CiIjLiisLit-LI (Jj jLjLt^I ijb>rlh*nil 

.Proteus iAjljJJ J t^UI tbL^ 3! cjL^b 

Loj^ iju-ol^l^ 0-**^b3 C)3A£>- ^3! 0157 :H 7 4^313011 4.1S0C.*-*.*.**’ 

6JUP-I3 (43355X1 j«bIj-o^I j-o (A 5 >-I 3 jJu<a-o (Jj bi>3jX- jSbe’ ^^1 (jilj-o^I ^j-o ' 4 £- 303 ^) 

3jLo j U’ -^ t ^. u ) '^^3 J 0 ^J ^3 63^33! ^^3 ^ 

(330*^ Jl3*«I 4 _(ij (^3! Jl ^-**’|3 JoJui (tb ^jJ^:b3JI •3^^3^ L 7^3 

J^bj j-o ^bl 455 Jj! Jjej (ji>jXI 4jIJl) CJJu?- . 4 -o 3 Jl 55 -o 3! 4 l*i«b ^j<xp- g-o 4j1ALI 

((jbjjall ^wc^u-U J-obJ) ^Jl:^ .L^,u*Jij 4 . 55 J juJ\ 01 * 3 ^ 31 ) 4 i*u.L(t J bb>t«aJ) 

433^^55-0 ^ XIMui ( 0157 :H 7 4^31301) 4 jSo 4 A*j> 3 > (jljJI ^j-o J 35 ^^ 

(J hemorrhagic colitis J31II 0313111 XIb> j-o cJy^ 14335” 33**. XlLc^ 

.1975 ^bJl 

(jhi(M 3 4 J 5 I 3 J 0157:H7 ■ 1 J 3 J 3 UI 4_(5bj;5^! «ib 3 CjJup- (1992 ^bJl J 
^j.C• jJj! (5lUj:^j .455J j%m}\ 01^311 4i*uLai J J 3 bj bisjJuiio jl5 3 ^! 5j-o3 

bai-Ju 45 .C)L93 C)5b3 C)LLi(i*«XI J lolsl XJb?- 151 JI Oil XJb?- 501 

33 I 5 jbj-o 31^3 (hemolytic uremic syndrome ^ 33 ^! - ^jJI j5b?Jl 
4 jpt(l 3 ljJ>j\-oJa cIJjI J cIj-ojpJl ^jJl C)b^ loLy >^13-0 C)b 5 .ul qS- jdac^ 
Iw>-l.(uJ 3 iJ^-II oI (JHis 5 ll J Lft3'*-M) j^S^I 3^3 .33^^^ i_11 ^"JI 

(C) 3 illl J-ol£>ua jlj^l^J) Qji HI! 250 L35bb «ib 3 J) IJli^ ^_Js■ .SIS 3 J) 

.XxSLbj 4 Jb>- 800 35 OJ jJlQj Lo gj-o t^XJI *^I>^^I 
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S‘«il» :lI9 ^ uloiidioJI gjl'SI) lUj 


L«3j-o 0157:H7 (LSj tl994 ^bJl 

^ . * 

73 b^J_u) ((j<bj-LI J^3lJ jol (J| i^ii! U-o (4lP 

c1j 3 350 ^j-o j^! dibjb C-(jl5 (1982 ^LssJl Ju-o Ob^^JI 4Jb>- L_iJI 

tfi 

J^bj qS^ dj^b (4 jU,I ^ 52) ^ j«bIj-o9I - J3^I Jx- Sli^ dJb>- 40^ 

oLtI ^j-o3 (4jU,I ^ 14) J.5jJ1 CjJupo jSLl (^^Itl d.o.jLb^I 

.(dSUI j 3) 

^3 Jabkj dj9 Li3^j«a3^ (lJIS^ 5 ^^ d_L^JaXI dj^ltl ^ 5 ^^! jj 

jAcbjJI ^IJl^I jJuixLI (Cj^J-o Jup-I^ jJuiio job (JbJb^ ObsSii 


juof- (^^It) C)l3lj<iiJl3 d5)^iJ) CJl5 .0157:H7 d_5o 

djSo j! 3Juj . 41)391 ij-o JdJlsJI jX- 4J33 _u*-o (^b_**Jl3 ^Loill 

jjIij 9 i^-^3 bjc5bJI J-<sjpij (i^^issJb djLaijI jliL)9I ^ 057:H7 ■Lj^J^iLIl 
(^3.«alb j! *^bw)9I gSl^-tl (Jj 1^39 l^J 

(jJjLLcJI liUi ^3 [^ Cibl^jj?- dlbjb .jjbjJsI C)IJlc>-I Jj:^! ^j-o bj\lSbJI 
^L*uJl 41)3! Ju?-! jJukaJs Ju«a£?- .ji>Ijx9I ^3-o iJli^ C)lXii3lt*oo iljl^ J..0.52J 

Cajpcj Cjj-Oj?- ^jlll 4 j-(1j?- 3J1 jjjbiJI (JI C)3JJ5l 
^j-o 45 ^LolII j! (JI C)3ltl ^Ldlll juaf- ^j-o ^1 cb3 L-.c*aJ3 .C)l3lj>aiJI ^3-o 

. 4 j 3 ltl 4 x 4 !fLtl d _3 i^y Cbl 5 JJi£>- 


4xj2i1j-o 9I l^blSLol (Jx 0157:H7 ^ 0333 ^]! (LSj j^9I CJjo:?- 
(Jx SjJlqJI CJjS) J-0-I03 .Objj^ t .^^91 JL^ 9 I 4 *< 3 j-oJsl J-0I35JI ya 4X3,ciJ^ 
(^jb^ 4ptlij (^iJI tjlAjjJJ JjL^wO 3^3 ‘Stli^4“lik.C bz.4_MtJ| 4 j_i_ui ^bjl 

(3jj3 ^jX 4 L:kjJiI 1 j -0 ^i^j9I (Jx jlAjJJl .(jilj-o9J 4 j.3*J3I 4L:kjJiI 1 bjuSo 

(3jj3 jx i^ulSUsI (jilj-o9J 4(.3*J3l (533^91 J- 0 I 3 SJI 3-0 .CjLLij^ (.^^91 JL^9I 
0157:H7 443 ) 3^1 4.(So3^91 b9i^ ^bjj (Jx BjJlqJI Jsy (CjLlij^ ;j^ 9I JL^9I 
iillaj J 4 j:?' 3 J C>9-t.al*«-6' jl^illb bj\lSbJJ ^-o-uo U-o (pilin jJjjJl) ijo 33 (Jx 
4X3-‘0.^^la (I^‘^ bwO (Ll)9»bilM(»^I 6Jj^ JI 4.iJLb.^l 4 x.uiL^I jjilQj) Lobzxl 
Si3:^3-t5l i^lij (j -0 IJlJLssj 4^1 L^ 3 So (jilj-o9I (j-o 0157:H7 4 JJ 3 J 3 XJI 4*So3^91 
. 63 ^ 0 x 10 j^lx (jx Jxj 9 Lo (Jx ‘( 33 ^^! ^313411 4^^jl91 t^jb^ (3 
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rUjJAll 


j! d_ 3 otj-o iwbj-oJsI i^jb^JI ^3 -oj:^ ill jw 

CjLLxP gjiu 3! SJup-I^J 6 jhS j-o bjUSLJl qS^ C)Ll*j:^ 

ja 52 J dJLiJb •SJuJlC'- SLj?- Jj^-o J^lsl**f) ^j-o (_^l3 Sl^is^Luf) 

j^So i?-lltl (j^j-iJI CjIjJlqJI dJlH) dlil^ bjuSbJl (j! 

fr & fr 

Cj^Jloij Jx- ^lio (j-slj-o^l jj^ -Lisl JJiij yU-^I 

(ibjU' £to«blj-ol (JI 6jL«b j\^ hy?- SLu?- j-o d_t^iltl bjCiSLJI BL?- Ja-^ 

•LoLf SjljJlc'- <Xjuj 

^ ft * * * 

ljj\i^_JI oLllplU iJIaij^I tj! ^tHi-Auj (jl LlJ-p tOLuilj^xJI ^j-o 

j! 3Juj -il^^-uo ttJI^ ijLaSJl L^ bj^ bbjp-b ( 4 jL^ 2^^ 4 j! Jl) ^ 

j-oJa (35lII Objljj iju jLllj^I JLib^I Ijjis Jx- iojU,! jb^I 

bo ilLu-O IJl^ g_a)I^l jb^LlS^I J^iJ . llo^ ^^b?- 

.(^^jJI CjLjIJl) L^Jl 52 J g-0 ^Ij^b dJl-bzltl ttJj^jIjJI £to 5 b?Jl 

Cuj^l d-o-uil s:^^ ^3-* ^ g-ail33 buLii ob.*:^ JLib^I 

^_jb dl^liol ^3-o ^Jl) . 4 il:i-wtl 4jj\iSbJl CiU^-oj^wtl ju linear descent Jacdl 
aSb-b bbjbif-b J-«as! y>ijj 8)3111 ObjlJa ;3 j1j8 uQ^ 3 jSb^' tJSbxJ) iSy^^ 
J_c«aLalIl g^ bjj^ Jaa>clu*-Ll yx) j3Sb_ui ■QJLO.'gja S^U-o 3I (JiL^l Jajljdl j-o 

. j^l bJ ia-lltl C)l3iSll ^lliCLufb JiSl) ^Js- (l^i.^3 
OLdlJo Jx- dQ««h'i lift ^31)1 it-oJb! ^ OLLl:^ LJljSbll Jl^lJ^l dlSbio 
joi-J ((^yoLJl iwJlSbIl3 1^313^3^5^) ^Ift (Frank Harold iJ3jbfe dj\jB .^31)) 
gj-o^ jb J35JI ijS^ (josEJ C)3lj?!j ^jb^l g-o» iMjIs ift^bj IJois 

ObjlSbll jb (8lc>-l3 aSjfuioo 133-0) jSbio (33-bI CibjllJ 4 ft 3 ,<sj:^ 8ii3::^3-t>I OLlcdl 

.«i^rj-b?J CboJ ^jlll CjLLlsJI j-o j^! jo.^ ^ ‘txcdl 

lift L^boj^l (^^^bft l 3 jJ 2 -J 1 bjl^^l J|3^^ ^3^^till lif^ jS^ 

lt_u*llb d.Q.^.Oao jJlssI) 13 ^31)1 ^3(^Qo j! i.tUiJ3 .Uss-o OLl^ (Jj jia-JI 

jb L«Luj?-I ^3J 1) iQjpJJsI OLIPJI3 ^3o^L«^l ^ 31 lc>J 1 ^3^1^ jU (^jcdl jjlSbll (JI 

.g3lS L-)b_t.pJl j-0 a_t_u)Lu)^l ift3-OJ?tbl 
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8 


^opjJuJLj (9gjgJI lU 

Can the Tree Be 
Trusted? 


CjLx;^ 

Jjij :j\5t jo 

Jliilj^l L^jJaj 

JSLAj L^l 3I cbjuSwJI ^^Js- OLxj^ 
oLblSCl j-o OLc-^-oj^ i3 

CjLx;^ Jliilj^l jl j^l b?t-ol3 Ob 

CjLIjISLII jo OJlCO 3^ jb^;oSLJl ^^Js- j-yfllQ-^ ^ 
4 xc>- 3 J 3 -cJ 1 CJI3501JI d-cff-Jl 

OjLo .dUUJsl jo dlJi i3 Lff £d. 52 ^l 3 Jl 

Jliiij^l OLLo-c- dixuolj dllol jyi LjjJ 
bjoSLJl jo3 £^^ll5Jl3 bjoSLJl jo 
jo3 £(S 13 -LI 1 <XjJLiSis>' (,^^0 ^U3Jl3 

dJi^st Lajt liJbjJi .C)bjJaJlJl3 bjCSLJl 


bjuSLJI oLLa.& J^U*- j^» 

bjuSLJI J5 olaijl cfijji 

jLjJI 1 ^0 . ■/'•'ft jl 
\j-S Lasl VLaijl Ji^ U 

«Oll*£>JJ 
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rUjJAll 


^1 LlcLp ^J| L^Liiijl^ OIjLjJI^ bj\iSLJl jo OLx^l 

6 9 

^^Jalll cIjjJI ^j2i bjJli J5 Jlszj .^^^LsJI j\£- IL^Lqj 

l^y?Jl jjlSUl i4jl£-l3i L_iilio3 jjl5 i3 bjJl Jaiis josL) .CjjJl^oo j^ 

J05ZJ i^Js' Lffj3 cjisliJl i3 ^jLiJl bjJl SjAill dLLLe" (^^5_m,l 


■L^Lo-co ^^^1 oLxj^l 

Agrobacterium tumefaciens hij^l tbjruS^l ^I^jI ^sA jj 

c(Rhizobium radiobacter j^l fbi^ ^^ds\ 

tObL^l ^ crown gall disease t^bJl jij-o CT^b 

^LiJJ (JbJb^ t^jLlIl l^il*.MrLo Jj Llo^j L^LLl^ J^ i 3 :*>b 

ioj^l d_LC-jj^^l jJa^l^wJ -d^Ju-woo C)L_JI jo^ ^ 0-^3 tbjoSLJI 

6 9 t. 

bjoSLJl ^^iisz-o J^ jl j^ii j-o CJbji) ^.^uj C-*.o> tdj^^l SjLlp- djjiJI 

0 ^ ^ 

phenolic CjLSjJsI jls tgJooJ CjIjLjJI JsA j^j-so lils g -03 

yi^ 550 dJy?cii 9 ljjc5LJl dUli oLiIl j-o d.t-g.^LU compounds 

SjOZ^ Jj?- Jl dj_jj {jdb 6 j 02^ J_iSLjj ^^Js^ ioj^l d_LCj:^^l OLiIl 

dj^j^^l djlp- Jc»-Jj LoJlLC d.*5oj-o F^ bbjJ^ 

bjc5LJl jj-c ^ tioLo djiio L^joz^ tOLiIl J jijj^ 3 I Jj 

Jj Sjjb-o i)iLiJI I^LLl:^ j-o ^Js- (j^Ico (Ti ^&_ujb o9^^) Ijc-oj^b 

oJul) j-ob .CjLjJI j-o bj^ Slj^I C)LLo> ^ j -03 tJbjJI j-o 

djl^^ tdjjlsJl bjUSLJJ d^^ dio JIpo jb^ clsLoO-o jyoj jb OLlIl Ollc:^! 


^OLlIl y€ Ob^jJb jAAj ebb j-o Lasj djibiJl OLLl:^! J-o-A 3 .d-obdsj^ 
iol^ ip-Lu-o ^_yi>3 ‘§^11 JSLjj U-0 toQ* jjl oLiJl jjlSb o.^«.uJ 
dus^yj Ti -Lt-ojMJl oLl^ ^Ih j'i .iijljJl bjc5LJl JilScJ it-oj»co3 

jl jSLc (jy^b ‘Opines Olio^^l (jj-o-^oj ci)iLc d^jj-ol gjj-koil OLiIl 

CjU-J-ssII 1^3 C)LIo 3^1 ^Uj i^jJl CjLjJI .C)bjj-o5^ ijjLsJl bjC^bJl L^JlpCLuJ 

.bjo^idl {^yuj -Cjj ^ cd_u>ijo b‘^ 6bCLtu^I d_t^^ ^ C^LccPcJl 

... * .. . * ^ * • 

Jw-oj^Ul J Jl^oS j£- 3I i)jC^ CjLx:^ ^Jo jLp-^1 joszj J 

* ft ft 

OLxj^l Jliiijl ^^Js- JLio 3 j 2>3 £^53JL5^jl ftbjl (3 oLiJI Jj (Liisl) Lajl Jiiiijj cTi 
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Cnj-^ iiilli iggjgJI \J±oJ U-SJ 


j-o CjIjLjJI ^UajJl IJji) .CilsUajJI 

jw-oJ^Ul i3 jjuiio 1^1 oLxpJl JL^^I £iw)^^Uil UjJI d_oyjLiII 

j - 

(i^jJaJl 0 Jl^3 .CjLiII ^3-1-^ (J| ioj^Jsl L^JJLIj dUi J^3 tTi 

.CjIjLiII i 3 £ji>lj-o^l 4-03U-03 dUi i 3 ^ cj^LoiJl j-o 

OlslJaill Liisl oLxj^l Jiij djl ioj^l d_cC-jj>^l JLlo CcJi) 
i* 3 l 5 2^)33 1 jj2i Jj2i j^3 cCjIjLjJI JI Ijj\iS^1 

ift3jOJ^ J..o_(i<-J JJ-g" (jt djt jS^^I ^j-o ^oLcpJl 

C)b33JJl3 iwxlsJI libs i3 U" tCibbjJl j-® bbbJLszj ioj3Jsl 

dj?ij(Ji^ ^^SLtwJl jift-i-)3 33^1 stone fruits 

oLx:^ Jliiij^l JiLiiif-MJ J^3-) ^ .iJLiIl ci^-Lo-tl j-® * 1 ^ 5-0 

.SLpJI i3 j^bJJ (^jiSo (J| Cj3JlpJ 1 jjSbLo obLiIl ^J| bje;^-Jl j-o 
.dbi ^ d_i«_Qj L-)l3i^l .C)bl3.cpJl j£ 33 -i£aio d_i«_aj JlJ_tuJl jl Lu^-ff 

^J^ j -0 OLLc^I Jliilj^ joJlp- J]^333 ^133 ilil j^l 


i3 Ca5233 (^^1 £C)bl3.*i?Jl3 CibbjJl j-o ^J1 ^ 0^3 tibljLJl t33lll OLtuiLp- 
1)^3 j 3 lo"ll ^J^ bblj 3 (LJ£> (^yiJ 3 £jL*52bl ^ 333 ^ 7 !! ,^^Usl 

CjJlPsIj LoJLift LiLp-^ J_c« 2 JiI Jb L^l ijijlo7I<4i (^^13 tJUilJ^l 1 jj 2 i .[lS^ 

oJdJi JLiiij^l CjLLo-p CjJlpsj L .j^l b)LsJJ ^>3^ ‘i33-bl CjLtuip- J3-0I ^js■ 


^JXi LfiiLAsb (^^1 CjLx:^ OMill ‘l!a-wjl3J 

Joj^l j£a-iiaptlll 3^3 4 JL)jJp dJa_wj|^ C-JJlp- L^l LoUf -bj3^ 

J 1 lWI ^1 - («b!ilpJI J 5 l») phagocytosis ba-vlJI ^ :3l3Jl b^bkU 

jL^b ^ tiilJS lS3^^ CjLjIjlJ ^ -L^L^b 


d.£.Q.£.a.p- bMibJ i33-<a> ^ .J 3 IPW 3 Sj 3 -o i3 iuljJl C)L5j-Ll ^ 33 ^ o-® 

ibljo bMiJLs ciJ^l (>1^ .«L^J 5 l» 3! <xAm 2 }\ oLjI^I 3I31II 

.L^lftSb CozIajI SI3JJI 

iblJuJI 5I3JJI d-JLJiP- b^lpJI C.oo .^1 LoJuLf- jlj3S^JLtl jIjJlpJI ^3 
^JlpCLcuj) aerobic bbl 3 Jjs bjySo :5l3jJI ibljo b^lpJI ijjo b!;^ 3 ^ 
bMibI CJjjl .^yLp:.«**Syi ^bj|3 t33-^l dLJb (jjbl ^IjjJI i3J^|3 
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cUj^AII 

cd.^^ £(iLolS d_4«jj^l ijjuSLJl L^IpJI 

cendosymbiosis ^Lssill (^Aj SjjbLb ,^3 cL^ 

^^Js:■ 5jj^l iUipJI UjiiJij?-! ijju-wajl ^3JJLt£• ^IjlpcI^jI dxAj Lo 

^cUL^I pLLiJI d.o.^jQ kXAJLj3 xXjJiXj 

^ ^ ^ L^jq .jjTtiLMij I ^I . cI CIj L) LiJlU Qy.uo.^I I 

:bM3Jl J^-IJl) Sjr^^l ijjiJiSLJl b^lpJI JijJlJu3 C-oJlpJI J-t«_Lll 

OlJ lJLoi^IJI^ £ObLlJl3 C3bl3-d?JI (3 ^'^5^3-tl3 £(j**-fiJLllJ <lA5bo-tl) bjJj3S3l^l 

ft 

t(iJ3-«aJI cL^ iiSbo-Ll) plastids CjIj^^^I 3I chloroplasts 

.CibLiIl 3 ^ 

OLitjbd,! odjJi phoT^ij £^i-ooj?Jl ijtjbslll j-o jwwJl bt-ji^ Jlszj 

.3I3JI ^Iaj bMikll CjI^jUjJI i>a52^ endosymbionts ^13^1 

3-0-0 Sl3l£?to (^_5-<2>3 ^313111 b^b?Jl 3-® JSLAj j-s-ol 

3 bjJI ^Jx• ^33I£?iJ3 £^lj^l iJL«j bj\I$_JJ Sjoj^I i)3iidl d_J_JI (^y2>3 £3-><^bilft 
.bj^lS^l 3-® «bcJL^l 3 0103-013^3^^5111 U5^ cjjJoow-O ^iSj^ 

9 

d-JLilp- bMi^l Jab^ij) .^Ij^l d_cP-3,o (jbJl cLil^l (J| jiilflJ bJ^I5_Jl j^j-o-oJ 

.(doJaidl Cibjyi^l 3-® i^3-o-ifto 3 I4J jolidl bjJl ^3 tO^j-io 4o_Jlftb 3I3III 
CjJo- J 3 djt jOj^lOj jJl) C)bLjJl3 C)bl3oi?Jl ^J^ i)j\l5oJl OLx^l JUilil 3l 

3j 3JJ ^bdJ i3j^^i5_Jl Cjj^I jddo-til (<iLol5 bMidl ^Mljb 
d-do-ft 3 ^Jotl.003 (33 -oJI cLlJI 3:>>b 3-^ 3^^?-^^^ -J^J^l i*Jb?tJl 
jJ 3 o =-***^511 ^J.ft SjjJLII 3^ 3^ ^ ^ .^UaJJ ^Lb^l iJLft i^loAiiII joj 511 
j^LsJl JOJ^II jl (J| dj^ljJI J^Ji 3 .d-oljotloil ^J.ft SjjJLlI J.^ 
.3\i?to*5yi Jl LoU CJl5 cprebiotic d^Sll 334^ J-^ cHadean ,^^-034:^1 

ibUl 3 21) 3^1 i^M^l )Le i^-^l (O2) 3^os-***^^l ot^ ^ 3-®3 

(^jlil t^ljjJb Sbs-odjl dJ-Lsz-Ll bJ^I5oJl 3-^ ^bjl3 £|33 -o^ J-ol dj (JU-i^^l 3^ 
L^jjJ OilJijl .(3'otoo5^ ^tll-tl) (^jlotoo55ll J30JI cLJl d-J-o-ft Jw-illl C>j3Jaj 


.[^jfiil] 3 ^ (^) 
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Cnj-^ iiilli iggjgJI U±oJ U-SJ 


j^Jalll 1 jj2i OJlp- .OIjLjJI j-o ^ CAi?tx-ot LoJlI^ ULp-^ 

Lajl 3JuJ US j-o ^jhli US £4J_wj CjIjLLo j-o ^^1 JJ-o 


.jS^l ^t.£uSjJsl \SB^^ d.<_Qjfa.Lo 


(j| j-ol 3J2>3 cLo (JI J^LC- iJs^!-uJ\ ^jSJ 

i^^_ai ijyp-> ^3 cLl^ i)^52-i£aJI j^l jju-mJI OljLLo Lfiij-o-P i)j\lSb j\ 3 Lp-t 

JjszJU l(^<vlovx^ .ili^b bi33^ (^jjtvl(^'^l jJbjJl j-o J_JjlJl 

magma d_ooj^l SjL^-^iaJI Cj^Lp 3! 

^ 4^bjl cilfii j -0 J^ 3 J -tectonic plates ^ 5 iSiIl 

^LiojJl twJjP ^ Pilbara Supergroup iojlAJl 

JL^ iLJ^ ^3 iw)^ j-o (jjisJl JU-^I jSjJl ^ Great Sandy Desert 

Barberton Mountain j^jjjjL ji^jl 133 cJj^jP J Isua 13^1 

t3 ^jj5> C*-L9^ -Libjil iJ3^ ij Jo^bjl^-oi i3 

J-szPj JL*SllIb jusJjJJ C-o«b^52J Jk3 U'J j\3b>^l jt 

i 3 SJoJlsJI CjLqJ^I C>jji> jjP J 3 L^-«a 52 J jl 3 JwJ jSJ SJoJlAJI 

.L^Loj?ij j^Lp-^ jS^ '^3j-^^ 

d-^Lltl i-CAill jJaPj i-cAidl i*J3jSJsl jt^Lp-^I jP- 


JpLiilll jP JlszJI JS SJl*^ d_J.*p (^yi>3 C-cpiJ l[^*opi33 i52.*3j (Jl 

jviLp-^l jp C-cPtJI jja J^3-dl CbS -Sjp^piJUsI 01j3-oLjjJ 1 ^UaP 

J. William ^LJj3 1984 ^LszJl 13 .fiLfiiJuo i-cJJLIl <ix,o 3 b^^ 

^JjI LoJlIp ^^.LszJl ^Lp UCLA ij^3J 3 bij^AJS <1 s2^Lp- 3-® Schopf 

jJbjJl Jj^l Jl 2 ^ 3 :? i 3 ^ 3 -*^ j (j-® <J^ J 3 ^^^ 

Sj-oJajJjl io3jS^l jt^Lp-^U djjti j-oP -UlyCuil (wJjP 3 Archean 

jLLo 3 . 8 ) ^ 3 ^^ 5 Jsl ^jJl J-- 0 . 52 J 1 3 ^ 3-‘^3 tflLai jLLo 3.5 

.L_a) j^-0^1 jviLp-^l 3-0 joJlsJI ^Jp LiLp-^ ^3-^ ^3 

33S0 jJ L^l 3ujpl3 cicJJLII j\ 3 Lp -^1 oLfii ilLol j3j^l dU-Lp ^^JLpiJ SUS ^^3 
'^j -^3 6 l -^bo diljol 3^ 3^3-^^ J ‘^^.‘‘‘-‘ipto Olpli^ (w-^l^P 

io 3 j 5 ULl Olj-^-opdl .c-U-bzJI j.a 52 J dJ^S-i 3 -® ‘bpy.Ltil J^ 3 Lp-^l oLfii 
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rUjJAll 


CJ15 ISl ISU 4 *AVJ i)jiLo bM3Jl ^^5-> ds>-^ J5L«1j 

^ c 6 

^33*^^ ^b-tu-LuxS^ c^l^j 1^ c 1 1^L) l^j 4_jLM4jg 1 j\S 1 

j-o £i^ 3 UJsl ojji> 0^3 ^^^ 3 ^ ^ d_c^ j -0 

.L^ C-cszIIbI (^jlil 43 '^ tJl flxJlJ ^ 3 -*^ J 3 -^ ot^ ‘%?'3 

(jLs £<il«j jLLo 3.5 L^iojb ^35sj (^^1 j\3Lc>-^ 1 ilL^l 

ji-Ljj'i-wj jr\-^ iJ-*^_(^ k_93_^ jr^.C' 3.^ LLui 

4 ^ 3 ^ Amadeus Basin ( 3 *. 3 j 3 Lo! ^ Bitter Springs 

^IjjJJ ^J 3 -«^ J-® bjdJjLkaLo 3 Juj L^l .biijlSb| qS^ ^ 

c^_o*o7;t»l i 3 oli52-)j^ jLidp- L^Jj 3 cb^li^ Cy^ 'HJ_*«J_4*J J 3 -^I 'S'^l 

ft ft 

i)^J 3 *^ 4 ^ J -4 ‘*^ 3 ^ l4 3JL£- 3j3Juq Ob 4 CjIS b^l :^3 

bi^bl t 3 l 3 -oJI J-<5LijJI i 3 J3-«3JI ^djJs i 3 Jlp-I dlSLiJj ^ .d.^^ ^IjjJ 

.Cijrp-^l dJLoj jLltl jIJlo 

(j 3 -«ill cLlJ! d.J-G.ft ^ 3 :)j-b> 3 )^ i*-«aj^l L^IsLk) ai)Je?tJ! ^IjjJI JuGl_t**j 
^■J^l i)J3Ac»-^l ^IjjJI 6JJi> (jl (^oJra-LU dj?clLtjl 

.IjkSjjQ O 3 S 0 3)1 (j-^ 03 ^ ^ AssjI 13-^ dUS ^-03 .duMJiJ C-Jjs9 33 

3 >x) ^ 3 o 3 ) 3 ^ 3 ^! 3 u £^1 (Jb ^! 3 i>ci^l 3 Ji )3 cAutotrophy JldJI ^ 53 ^! 3)1 

33 lalJ! 3)-^ 3^^ ''^3 t3 '«^3 l£>- djl 3j ^ £3)3)353U jJ^^oaS j) 3 *A-g.ll OLSij-tsI 
3uoJi52j (,_^l 3 *^?.!I oLSj_tl 3 >^ duslS oLaS 3 LJ 3 J 3 >^-€‘ 

tJ 3 -«iII cLlJI Jl ^Lo^b i3jJaJ! 3>^ 3j3lssJ! dlbji) ?5L:?tJ! JlSLjul ^aJissjo 4JLft 
t^Js- J 3 *n'?JI ^3j?tJI i533JI C>LjI3lJ 4^^ 3>^ 3)^^ LT^b ‘3)^^?^***^^ 

JIJJI ^53^xlIL^ .3)3 )jS3II 3u_£«S 1 Jb jio^l l 41 3 >^ 4^1 •^b^d! 

J44 l41-^ d^ ^Ai^l ‘^LLaJ! JLoiiil 3 I £Chemoautotrophy JLo^l 

'*^ 33 ‘^.‘.C^^ 3_c03\S^ JajQ d.>bSJo S3.i>M>tS^I ^ 33 *^'^ 3 ^^ 

.^^53Jjl Sbj?J! 331^3 J I 333 j^3Lo Lg '3 £(H 2 S 
i^ySi C^£u-*-l dolhil (j 3 «ajl cLJl d_J.*X- 3 )ts J| ^Lo^b 3 

3 >^-€‘ -JljJl 3 -o-*Jl i*J 3 -oJI ^UoJI j\A.*ulJ 33 wj?- 3J1 <iiijjJaJl 

l 3 .333J>3-0 l]13J^ 0^3 JszJiJ 3)1 i 53^^1 (33-^1 ^b-dl iJiSbail 3>-® 3j3L5dJ 
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liilli tggjgJI Qi-oJ lj_a 

L^ljLfftLoflj ^UaJl jL?6i£>-^ pLlJI d.xlc^ 

J-ol^iJl joszj C)ljJwj2i^j^l j^j^l Jw_tu 5 l (jlj 

Lt^ 3I C-*jj^l oLSj-o joszj 3! tHiS 

1 jito I d_«_Lo^ ‘ 1 I L_«J I d_>_Lo^ , Lo 

joszj Cjj^Joj LoAIC- Lffj ULp-^ Cjj^Joj A 3 cioL-CuSUl d_cP-LlIl j-0 

^lAitLoil Sjils CjjLo Cxxpij ttiLii j-0 ^IjjJl (^^3 tAxpJl OLjISLII 
l3 035^0 ^IjjJl C-4-oAitl^l J-oLszS L^li J^3^1 (H2O) c-Ujl 

3I-P ^ (A3^^ 03^A^^^ Ax.«*S^t (3^ frL^I 

.(33-jIj <^ 1 LcS (O2) 

& & 
clj3^ ^LJii djl ^5-^3 ^lS3^ 3^3^ 0^3 

OA-oJLtuXl 3-® ^3^ dJbjJi i33-*-i^l c-Aj C-c*33J (J| 

AjAszJI JA-o £j3Jj^l .isotopes Jjllolll ii^LszJl ioL-cu^l jiajLaiJI j-o 

iLjLocuS d^LiJlo Cilji (^yij ^UajJl .AP-I3 jJaj j-o i3 d^3-> « j^LLszJI j-o 
(JIJ3JI jA^l j-o A-Olitoo) jv^IAszJJ i3j3Ajl J3A^1 d_4«_aj 2-03^1 i3 A^3J3 

^33 lS £(«jlSU)l» 3I £tOpOS3 «^33LuJ» (^jA5zj 3 tisos 

L315J3 £dJ33U S^ApJsI C)lj3j\SLl^l3 C)lj3J3jJl j-® d_MAij ^AsJl ^^Js- C,*.*s>- 

Jl^_.iil i3 1*3?-*-J:? j3Jj5Ul A:^3J . j33il C)Ij3jJ3AJI ^AC- i 3 

juiJ .14 03 ) 3^13 13 03)35013 12 03 ^ 3^1 “ ^^C 3 ^^C 3 :SjJ 3 Lalo 

jjUaill ^jSJ Cj^lf-Loill i3 '^51111 dIjLAj .^33JJ1 033^^ <J1 '^ 3-^501 

.d-*«_aj 3 -oAj 3^ ij-OAiw-o j\£- 3^ ^ t>®3 g.*too jJalll .dJL)L!aAo C*-*u-*-l ^51111 
antineutrino 30^3^1 AjJuo g-o 133^601 Ijh Aiij 3053 ^ 

. j\i^3jruAJJ Ij-QAiw-o l30a3 ^ 0^3 £03l3lJJ 

Lg-*.iAo d-Q-03) ^3*-^ juL) 03 )j 50J Lumj C-oAi?Jl l-sLAiS^U jlS 
Jj3oL3 0 ^ 1940 pLsJl ij .i)jj91 CjIbLAiJ^I (^Lp l-9jj?iU 51^13 cL-cu^l 

^LJl ij jU Ujb^3 cMartin Kamen 3J3L03 Samuel Ruben 3)33 
153^1 LoAIP |3 LJ33-Q.JI5 d-SZ-oL?- |3 3;A?W3 |3 O^LoJZJ £ 3Jj-%ic52Jl3 

i)La^l d-*3 L^ lJ33]a£?t-o CoS .03-)jSJl 3-0 JS-AJI IA3J d-*-L-L?tAJl 03^1 
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rUjJAll 


j-o Jlszj (1942 ^LsJl ij U-^U^ ^3-o Lo^zj jjjsLii9 
jjjj^ iizjLi iu(jU-o Oj 15 d_a(ji J-«as <tLocu5LIl UU? OiS 

JlpLu-o ljjL^ iJ 391 (iL)j.*_i]l3 (iLua-t^l Cj 1 j^L?w 3 J-L?cIj jl 

LafjJuO OS3JI dUS ij 1 >! 3 J < 3 ^ .Cjlj-^iLpJsl if-ls ioJ^ ij j\l 5 >J 3 l 4 J 3 li? ^^Js- 

AxJ ^ .J.f'LuA^ SLLuiI (3^ ^ 3-^3 ^^) ^^-ua 3 ^ 

j 5 jo ^ iUSU j 3 Jj^l jx- Uj^l .L-iuaJl LjMla j -0 ySij jjSl 

Cj^x-Laill «2^iil» d_L_u /35 4J33 ^^31! djj JI33 (d^LijSl ij ^33^ 

l^Lo J 3 L?tx 3 ^33i£?!j L^j-0 JS £j\iijl ijuj3jls ^JlpcLu/I £^LpJl 5 .iuLoo-iSUl 
6j3jls3 £i^Ls 2^91 isLdjJl Geiger counter ^63111 

£0133)^5 J.^-«i ij j 3 )jSJl ^ 53 l£?cj ijryj 3 jl^l iS-^l 6 ^ 

^1 d.^.*j>3j 3 l£. jAjLc- ^IJlC- ^3^ 

C-JSL<i£j3 £3^j3jLiiJl CjL)3I£?w 3 ^j-o dUi Jl52J3 0^3 

L^l 3I £i)L«jJl ij 0133)^531 C* 3 l 5 Jjjs 6j3jls ij L^ 52 .oj^ C7^l3 

d!jj?tj diJ .JlJ^l ^IJlP Ljl^t hjji TJjLuJI 33^31 ij C-^ju 

d.^^3J JuLC g^l-iQTx^ JSLdj ^533 ^^3Jsl 133^ iiLu/jJl ;Jj d.^^3J JJs- ^3^ 
63^] djL_£uj ijS>^ 9 911 ^ dia.*_ 4 u _31 C* 3 l 5 .^^jJjl j-0 jJl JjLuJI ^Jj 

C 33 l £?-1 t 3-)33 tJj 3 jl 3 t 5 d£?-| jl ^^jX)\ j-o .ioL_cu^l O^X-LalU 
Jj 33 i 5 i 33 ^^^ Cj3l£?-1 U _£3 £is2Jj-o OiG £^ 3 Jii 3 -« 3 Jl Cj 33 )jS ^^Js- 

.J 3 L? 3 s 1 ^ 3 ^ 5 ^ (‘3:i3^^ C-c*_t«jj Lsz-o U.^£?-j-o JdP .^3J3LJ1 


(3 Uaj^tLo j-)3J £ftL-o-t 53 l (L 3 LLouJo jlS GA33JI (3 

ObU! L^lSLiJ ^1 J3yi Jj^Liil! OLcCLLo !3j1j ^Ijl^cLoi! 

*** ft ^ 

jj33 3^3 • t 33 *^^ ^ &Ll 3 I 4 . 3 -<^^ &UjI ^ j3J^^^JI Ju_ 4 uS^ I ^b L^a^L^i^LqI JlLp 
jl 5 ^ -■^'g-^too C*i?u_«al CjLjJ! Cjb 3 S 3 s ^ j^3 CjLlU ^^C 02 

iJsbJ! j 53 £jCLJ3l jCLdotj j^33 J-ssJlIb _jdj Ji 33 £^^ 3-0 LoJlHj 

National (^^,JiJa3JI ^IsjJI CjLcoI ij-c.s2ll jJ33 tw-jiji .C-^-dj ioLiI! 

CjIjL^I o**^ JiS^ ^ Jgdd!3 Defense Research Council 

,51113 £phosgene (COCI2) ju^3iJI dUi 5 U £dk-^! a^! 5 loLJ! 
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liilli tggjgJI Qi-oJ lj_a 

i3 .iobUI duJuu^l 4^LsJI SjjqJuo Iwa 3!^52J ^J^ixLoi! 

^6 f ^ e. 

y djj^L?uO ^JJO «lLa( Jl 52J ^5l cl943 27 

^J\S .Ojo L^*.Lc- (J-0-S2J (3-J3J du-KSZA 

^JiiJI fiL-o-i5Lll ^Lol tw*_<iLSsJ! jL^I^ £Cij\Ii?uo jL^I 

i3 0-J3J ^ j-o-o-^l ^3J0 

C)Je?tJI \3ji> .Jl£^Luj3 SLLo;! tw^*ALo J| 

^3-0 (jy^l ioL-o-*SJl Ol^LdiJJ du^ip^l iLwJLuJ! jt® i^^Lo/U,! 

I ^ ‘ I ^ cLlJI d.J.^0.^ ^^13“ I (3^ 


-j\AJlS 5 j3^ 3 I 03 -“*-^ t 3-!33 ^ 33 ^^ 

_ > 

■ 0^1 U5 cCalvin-Benson-Bassham cycle ^LiL - 03 -^ 
3 )-^-^ ^J^PtLoil £1948 ^LszJl i 33 ^ 0^33 ^^93 3 )^ •XSLi 

James ^Ub i_>£oo ^3 Andrew Benson j 3 .** 3 j 3 jJbl 0^33 Melvin Calvin 
£(_^jo (3 bjj^3_J15^ d:s 2 ^b?ij cLocu^l ^5k.«x9 3 LojI ^s^'g-*-oj -3 £Bassham 
(^jjtvlov!l ticJL^I C^*-dll ^JkiCLiwJ jLJsl t 3-!33 

13.^13 b^\I^_tJI 3)^ d-ds 33^ ^333 Lm<oJ .l3j& 03 ^. 3 ^^^ 3.x.m£S^I 3 ^ i3^ 
3-0 i<LusSJ\ 4xc>-LiJ 1 3-® 3^ £ib3j Cj1jL«-o 2umjs^ 3-® jd*"^ 3^ 

i^y?Jl 3^1501 3-^1^ ^33^^ l)-® ■i^3-^ '^3j-* -( 03 ^ 3 ^^ (^bJI JU-i^J C-*.*^?- 

ii^-yasJI Ob^^l g-‘-o-if (J| io«ajl CjIjLw-o ^JJ (_ 7 lll 3 £33^35^ S 330 

d*^ (ribulolose 1, 5- bisphosphate C)liu. 3 i*u^ -5 £l 3313 ^^!) LSj^ 33^3 iLipJJ 
^jj^l OjdpiJ Jx-Loj 33 J 3 ^I 3w.^*£ 51 (jb 3 -® 3^1 ^ 3 ^^ ^ 3 -^^^ jUiSJ 

(RuBisCO) L-jLdxi3-^*<^*-^ 33^3^3^^ 3 ^'^■'*■■**^3^3^ £^w*S3^Jl l 3 jfe ^3^3 
£033311 LI03 0^33 3 dJ 15 ' jlo .ribulose bisphosphate carboxylase 
i3 J-j3^ ^3^^^ 3^ 1961 ^bJl i33 j -^13 3->^^ 3-^^ J-*^^^3 

£01o 03 Lol .2011 ^bJI i3 ^^3-®l ^3-J Lt^ “^33*^ *^34^ £(iL-cu^l 

e. 

^33J1 £^bib (jj^l -U-^Uj^Lu-c ij dlpij ^*.L.4.uj ol3Jiljl3 £^bib3 33-***-^ 

3b 33'*'*^'^ ^ LjLm) b £^3_tju L-moo ^ 3^*-*-^^ i3^ 

.J-ojdl 3-® ^'^3-^ 
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j-0 JjJlsJI 4 jLp- ^J 3 ^ 5 jJl tjA-olS jJjLo Lol 

dj^LszX dj>juo i3 (j 153 ftliJI iJL) Lc3jJ2-o i 3 oUjSiLw-tl 

^Uju 2>^1 (^Lij ^y£■ Ljj^ JSLiu ^3j_tu-o jlS^» .dJLjjuo^ 

.<<19383 1937 jjLoLsJI i3 

^ dJj53 archeological dating ^jhJl ^ 14 j5JjSJl ^L. 

i 3 jlj-<CLuib jS.<iCL) jt ^J^ IjJoj OljLJsl 

Jj?cjcuiu 3 d-sz^j^L) i 3 '^ 5 ^ 3 -tl ^-Q *^’4 ^ 3^313 

33^^! i 3 iJl heta Llu OIjLszaj^I jlj-/OJCafL 

^Jl;^! L-As^Ij £d_cpJl O^Uil i3 JlLszS lidS g-03 -Ijr^ j-jbjL) ^ 

^.cPt-1^3 (d_La) 5700 j-0.5zJI) L^Mi?t-0-ol JJlSZ-O 23jSL€ . J-LpsIII jlj-cCCall g-o 

j-sxc- Iw)Lu£>- LliSLc £l4C (J3 )j5LI1 j-o i 55^I ^53I£?t« 13 is3j.5j3l oLUiill 

d_.J.^l d_ooS i^uU j-c- i3 ^3*0^11 S^Uil 

Jw_Qj ^ £Lo Jlp- JI gjjwJl JJlsz-0 ^w^*-**^*^ dU 3 g-03 -L^-J-P 

.dJ_ui L_iJI 20 j.p Lisj.^ JJL) (^^1 OLjI^I ^.jb i3 ^jliJl 

cLJl CiblJo Ji ;3 £iiIJi j-0 ^jb i3 bApLiU jl ^3 

. j\£>C. 4 uSMJ 

.Lajt d_c:^3J3^1 C)1 Ac»-^ 1 ^jb i3 U-^ lj3^ j^^aj 

£ 3 '^b d^_ai 3^3 ^ ^ 03^3 ^^^-9 d^-dJI 3-^3 ^ ^ 03 ^ 

i3jLp- L^ C^£u-*-l icJJLII C)Iac»-^1 ^ 5 -oiij i3 U-^JoLoi dUJJ .jlj-fi^Au-o 

^ ^3-*^^^ 1^13^) ^AbI (^3-^^ L-db^^^Lo)! 3.^ £d_t_o03 

j-o <^\ j\P j3J^^ilI 1 jA*£Xo j3Jj^f Ax.tu 5 t (Jb ^AiCLtuJ (^^1 d_cpJl O LilSOl 
jo £ 3 i 3 Apw 3 ti>j3*£2J £j-*-C jl tjS^ £ 5 iA 5 zltl j3JjSJl A.c ^**51 ijb C^*-Ali OljL^uo 
^^^13 dibijSl j^3 ^b-^Lflj £^^Co 2 3 ^^Co2 

^3jj^l oL_*«jdl jLb ^ j-03 .(^^Co2) jAjyi3 JJijyi (Jp (^^C02) Cji3 

£i 33^1 i 3 ^'^ 3 ?' 3 -t 5 ^ “^bb j-0 j^l ^^Co2 j-0 d_oo 5 ^ i 33^^£='3 (^^1 

AxxuSl (jlil (^^3)3^1 ^IApsLui^I jp Cji^Cb L^l j^P^l j-0 di^jAj jjljCBl jSbc 
^^^Ip i) 3 l£?W 3 J3Pt-0 LJ3I J-Op ^-bj .| 33 - 2 iJI cLlJI d_J.oP jj 3 i^JS- - j3)j^l 
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liilli tggjgJI \j£joJ lj_a 

j.xxC' LJjliL) Lo cilui jLLo 3.5 ljji> Jio 

oULcJI Lffj 3I JloL) 1j^ Jjb .^IjjJJ jvsL?-! 

(^^1 dUj ^J 3 Ji;5 i3 i3 ^bj-^ j\ 3 Lp -^1 j^iij :Jj 2J3JL 

yL.t_cu51 ^ 1 ^Xi?tL*Ai^ 1 ^1^1 

• • • • • * 

(J| jwJ dJjjl) ^^Js' d_*uSLl!oo ilil dlbjl) i.£Ui ^-®3 

CjLx^jj (^y2s C)Jk£?Jl IjjJs ioMft < 33 ^^ L3^i^l c^b-ol 

^jJl {y^\ Iju^^ j(^h| ^jJl iferric oxide djJoJ^l 

dj^3 Cju5 OL^ljj ‘^3-dl ^LsJl dLcol ij 

^J| LoJlI^ . Ij^-ui-w-oO i)^33 LJlj?L«/t Ji;3 ij 

j-0 iijLi> CjLooS ^3-o oLcioj^Jl 6 jji> jl Jo M t4ail5 Cjlj-tSjru j<bj^ 33^^ 

0job j5d ^(Ferrous ion j3JoJo?Jl j3jl) joj^l 3 jL)3 ^ JjLqJI JjiMl JoJo?Jl 
b^jJl 03* jLLo g-L*j ^3?^ ^^3^ -JJ-to jL_Lo 2.5 350 Lbjoj^ OL_t«jrdl 
d_oo5 Cj-o 51^ to^yb ^3^ dj?ciUsl ^by^ i^jj) 

^J-o 5jL.tuS3J3l JojLcdl ^j-o CjLx^jj J 5 LJiiI (^jiSo L^ 33^^ L3^i^l i3 ^3-o 

J5 ij j^iLsJl Ijob J^3J .Ljl3iyi j-0 cj^l JJLf d-twib JjJo^Jli l-uj (J3i 

^^jJl 5^3 3^ (dilSJl C^uSf j-03 y-P io3t-2 > CjLooSo jlSLo 

JoJo?Jl ^3-o Loj^ d_LoSL) jibjMl ^wJ lJiJLL) 0 ^^ 

j-o JLp- j-c- SjLft C-dl5 djtiUsl ^by^ 33)071 jl 

(dljJoJo?-) JoJlp- y^- i3i^3-t,l JoJlpJI j-o Joiyi ol3l£?w3 J-olCj jAj^.*u5^l 

^ ft 

33JoJlpJI J-oX- .cUsl y jl-)3jjj dJjls 3j^a3w3 S33-0 ^ 0:^30 t^jJb 

J.f'Lflj jJis jLft ^by) j) yi ■ij'-ift-^MJ ^5o?t-o 

Jw_tuSl 3)-® doz^b CjL_wj^ U-0 £j3JoJLpJl 3)-® ^^31.4400 2”® b3^ 

.^3J1 LjjJ ^jJl (ferric hydroxide oIjOjJ^I x^3jX^) j-oo^-Sll joJo?J1 

3£?ij i3jil4«l Lcj 3 £3^1 y ^Ijr^-J IJo 33JoJlpJ1 JlLCLoiI LoJLlft 

C-*jl5 -^3dl ^3^3-11 ^^^l y 21 ^L*jl i^37-t4d)l y| J3-03U dj_a) jLLo 

CjLft^3i.4«-o lidi y Lc £iiiJ35 3)-® 3 j^^ oLszou^cLtu-o dJLub 

.Ld^^ yI '^3~^ I ^Q /A^7 ... i y.i 0^^'30^''*~^b 
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rUj^AII 

i 3 ji-o ^jIjlJI 13 

jij^l c>j54i3 £<ioo-i«JI JoJui ^ o -®3 djLsJJ ^JxLaJ jAj^.*u5^1 

^ILl ji^ i(Great Oxidation Event (GOE ^.h-gll Sjl^SII 
oLijlSJl j-o JoJlsJI jS* «oxygen holocaust 2sjska» ^1 joszJl 

(jlS^ ^ 3 -dl (^yl >3 cL^-oJasz-o 1 ^^^ 3 I <i*jl^j 2 i^l d_cpj| 

liJLijfc C-olS £(jLc >-^1 3 -® l 3 JLsjdl U5^ .OJlS cJ^lLd?- (jiJj^l 

^J^ ^ 55 I£?Jsl ^ 3 it J^ :^jl^JJ iiLsU 

djsz^l 3-® ^hpcJJ d_^Lai^l ilUjpJl d_L_a)3 3 

ia)Lui?Jl C)b5ji^l j-0 jjJlsJI jLs JLpJI dv^^ .dJliAJl 
.3-0 iJlidI JsL-o 3-0 joJlsJI 3 f'3-dl S^Lsz-fcwj 

- LfiijJsliiLO ^w 3 L^ (J| dJjSiJuO iij^Joj “boji iJLsJI d_JpLaj C3S3 

OLbl^l ^-053 .^LJaJl 3-® (Jbdl 3^ (JIJl^I J-j-oJdl J 54 i 3 idlSboj (^y2>3 

31^^13 (JIJl^I J-Juo.llI ^^Js- Sj>ilAJl 3 cjLpJl Sj;yo 3 - Jio cSii^r^^Jsl 

JuLp .jAj^utuSJl i^Js- ^Soj-ljl (JIJl^I JxLolJJ ^UaJl C-uup- 3-® ibbfc dol^S tU-^dS 

JI j^uuJl Jj3£?ij ^ 3^3 £ji-o3c1I1 3 :Jj-b 3-^) 0''-?s-^^l ljLp 3 3-*dJl 
dJ-ojszJl ATP _I1 3-® p^Q‘^ ^UjJl JucCLuO £(35 Jj^1 Jlu^I (jlj3 

3-ojJI JuLP id-o-lcCLuJ) 3'^^ 35^3-^^ J)-® *^i33^ 0^ (fbuyajJ! ^liaJJ d_Jjjjf31 

juutuSl ijb J| j^S^-L^I J^Pij 3^3^! i 3 ^ 3 ^I ljuuilill i 3 -*j-^ J-^) ^^ 3^3 i 3 

f-\Sy^ lJ^ Jh^ ATP _I1 3-® ^3^ 3^^ Jh^ JuoJCuJ) L^Ls £((11-413 J^jj^I 
^^Js- 3^j- 4I (jueiiiJI 3^3^-‘-^l J| d_uu*jJb .j^^l^l 3-® ^wdiii.tu-0 

L^ (jl3^1 Jld^l J-d-olJl ^ 5 ^ -Cj-o 15 d-OpLa-o Sjkjli 3'-?'-^^l 

.^UaJl 

JM^IuaiJ Oj^iaj Cib^j^u-o 3 '-?'-^^l J)-® jy^ dcszj 

j^Jai dUi 3 Lc cOJoJl:^ iij^Jaj Lo^ ( 313^1 i_>«-Q-ClI1 j 33 .^LiaJI JLp bJ3-l3l 1'^^ 
L^*u-Q.b 33^ bjCiSLJl Oj^iaj d_L?-j-tl ^3 j5> 3 * 33^1 OLi-Jb?- 
i3jb>-l OjLo 3 tlptllo £^ljjJl (,j^3 £bjC£^_Jl jaszj C-uPtu*a I .aoi5 
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liilli tggjgJI Qi-oJ lj_a 


cLJl CjAill CjIjLiII C-o_tulSl llh'p-^ US 

^5-^1 :i)LsJJ S_^L-o (i^jJaj jSoj-tl 

i3 Cjj-oJLaiI^ cCjIjJJLII C>jji> dLLUf Lj\lSo ik>L*cU L^^iLuit Jlp-I 

^^-ol jju-Ajl Jn-^-vS bjuS_Jl ijjjj ibLai£?-^l 

i 3 frllJl Ja-ail^ ^^Js- CJa.ai£>l ^^13 OlJuI^^ 63 J 3 -<*'U.l 

obLill ^j-0 JS |3 ^J| ^JLCtI.4W-0 .CibLiIl 

CjLLo^ j-0 tjJaJb .Ljj^ OL^-JLp- cS J-? 

3 ^ I^Q.bj\lS_tJl JS c 6 Jj& bj\lS_tJl 

iijCSLJl CjLLc^I ^sJa^z-o SUi j ^3 .OLLc;^ L^t Lo 

.d_tu_aj ^_Q*vojl ^J^ Cxipijjl Jj £d_cLcJI Jj?-1jo ^s^SLtl j3-lJo ^3-^ ^ 


- 4 jj ^5 - 6 jis 

An Evolutionary - and Intellectual - Leap 

Jliilj^l ^3Jj-b C)1 JL*JLai!LJl3 bjJo^^lJjl ljLuJSI ji-0 

CjJlpJI ILij L^bijSl jS .C)bl^ai?Jl3 CibLllJ ibbis CjLLc;^ 

JU'i ^J^ d_c£*jJb ^^.<io03 ibU-o '^y-€ ^bj|3 

l-SUwJSI djIA aIuai^UII 3 b3^^3^3''‘~‘‘~'^~^ S-<o^I 

Ljji CjL^So ^J| dU* ^ dJii?-^ 0^1 :d_u2i^3 bz^U c^\sl>^\ 

j-o ^*^3 J-^ ■o-o-U' C)Lj| (Ji i)L^i i33 jsi iaiiji (jj3 

l^ySi CjL^S^I CbS j-0 Jsl CijLlf-l 3I ^bl-oJI CjLj^iSo 

jl 03 ^ j-0 ^bzJl dJajji>- ^J| jiaJj ^_Q S .iJL^l d.<j_ 4 «Jl 

dsA^\ c^uJl 2"® LoUf L^^Uo 3Jwj ISoj-ot i3 dj?-l^l c^iiJl (jt 

dfbji) ^ OLoojtill c>jji> OJl) U-^ 13 ^3^-b 

j 5 o ^ ^ CjljLiLll jb djJn-Loill io 5 b?Jl JLaAj^ 

dj^ ^_Q <u 7 So ^3 £^jJJ■^i<J^Jl Loj^£?W 3 t3jliiJl 

& & & ^ 

JlSZJ .OblxLtuJl JJI 3 I 3 3 ^ 13 ! cjSkJI ^l3 £‘15ZB1 jJ1 

^ 0-03 dSy?tltl SjjLltl ^Lo-iiall JojIjJ?- C-oo-ai3 3 U£a 3 SUS 
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rUj^AII 

OLpj-wJ 4J_ui OljLLo JlLo d|y?clj ^Lo-uaJI C-JJi .^^LaJI 
LiLijiL) iLal^s OlS i3 I5oj-ol C*jl5 .L)^J_ai juo-JJ-0 100 

.Pangea Lr^b caJijLiJI SjLiJl cJ-«aAjl LoJl1£- 4J_wj 03-^ 600 L^ic- CjJlpLj^ 
C-J.JI3 iJLiJl CjLl^S^I (ioo_LsJI C-c*5l3J ci^Ua-tl 4 jL^ i33 
CjLl^So j-0 1 jL*u 3 Jan Sapp ljLj (^j-o-LszJI 

bjeSUJ (^ySi OlJL*JLa)^Ul3 bjJo^^lJjl oLjI ji 

jt LaJLlX- jCiS' OIJo .Jl*^ j-oj Jl1-o Sj^^Usl 

9 

.b^;CSLJb 3JwJ CjIJ uJLoiMJlj bjJb^^lJsl 

J^t Andreas Schimper j*- bjJbt JUSll OUl fb 1883 fbJl ^ 

^3) chloroplasts bjJb^S^i^l :ftb:)^l llci j-o 

Cbl5 1^1 bjoSL^ intracellular ib^L^-Ji^ljJl ^jjJl ^ (5^ l^i^Lo 4-oi5 

♦ ft 

OLlbUr j-o i3 o-oj lI 2^ 0^ cbjLui hjs> iji<-cs£) 

Jjszju cIj^oAJI OlJ lCLui^^LJJ J-0^1 ^w-_tuiSl £jj^l 

Jia i^ypiJ] C)bl^.cpJl jfHvd OLuiljjJl 

jlS" chydras ijlsJI cl^l oLk>^;h'^t3 sea anemones jU^zJI 

1JuJ 2J L^ljyLuil 4 j^ 1:>-Ji>-b kwJUds 

bMidl j3-IJo ^J3-«^ (j**-*^ iwJb?iJaJl g-«J3J jU L^Lo-uiiA 

d_tu_aj bjuidi ^ liU-b £L^IjJl^ i 3 jt3 

l3 -L^J-ol C-cJj (jl J.a.l£U.U 3-0-lJI ^^Js- jL^I obi J-O ^. '^XLuxA d.Q.*A.> 

ft ^ 

Andrei Famitsyn ^juuI^b lijdbt J3b> £g^lill jj-S-Il CjLo^^sz^ ^ b^3j 

C)1 d^ljj ^[ 33 '-^ 03 ^ O^ O-^ 03jr^ ^3 

ja£?-Jo ^ ^luJl CA43 liOi j^3 .d_Q_oiiJsl bbbMi»- j.P IJl*^ cIj^oAJI 

'6js>~ JjszJlJb L^Lp- OIJo J 3 clj^aidl OIJlCLui^^I Caj 15 ISj 

^ptO L^jjb OJJis L^l Jo ^ d-L^££’ L^-oJi52^3 £d_(i_csUsl 

.ib^JoJl d-Jsl^jdl Sjrb JMi?- 

CjL dbblSbJl CjLlooAjlII Op»=-<-oI £^3JJ■'*^^ Oj^^ tj 

jjl dijlSbo C.*_t*uj| i^LpI 1905 ^LsJl tj lS 3-^^ CjLjLtip- 
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liilli tggjgJI \j£joJ U_a 

d_,LE?- !j j tj ^Sj j 3 !^! (3 * Ij-va3J! O! JulLu^^^LJ ! I LlLsz^ c 4£?t£?J! 

iiJLslSliIl OLloo3cxJ 1 Cjj-oJLutl .ioLjJl J3-1^ Lis 1513 


2*315 O L^jrCAi 1 OJjJ> ijS (j5Ll OI J-oLtu^U I 3 Lj Jj^5^^L*-oJJ iLo3i£?til 


(ills tj dLL?Jl (jan^ 1925 ^LsJl tj .CjLl^SJ 

^iJjLuJI c^. 6. W^ilson 'L^ *^1 ^^' 

^ ^ ft ft 

(^ (jl 2)^ '■^ t-*^ 5 " 11 JiLo 0^^ ct^Ly 5 L £ 2 )JjL 5 

tj i^LJ! i^Lij 

.«^L^! jvSLflxI! j3i52j (JI ^L91 

1^153 CjJj j^ j^Jij jlSls^tl CiJJb C*3l5 CiS^Jl i5lJ5 (J 

neo- SjoJl:^! tUj^jIjJI dJIJoI C*3l5 tdjjj^jIjJl Sju^^sJI 
C)lj.i^ 0*^3 tSiJ-ssio Cil^iaiu J3 j^iaill j| dijl^JI tDarwinian 
d_t.^^j ^ ^^^ jl £^j5L)^j-*-u*JI tjl t6j'\j5 

.JlJiJl J^l 

C)liip-5Usl ya ^ImAmj CJ^£> OLlj.«J1 idUi 

OLLjLsjIq ftlj-iii>Jl OlJwcLu^Ul^ bjJj^^lJsl (j^ i?cLoJs iJLuuSlJlj 

: jl oUii^Misl ^ 5 L 1 j Cxio-kOj^ ijjc 5 o 


4jLs11 yS' jSLui 5-^3 ‘ 0 ^^ ^jjgLic^ j’U.4.2i.‘gJI lll5 ® 

4 jJLui bjUSLlL) 91 JajjptJ 9 ya ^ ■iJl jiaJj 

cJjU-u*ii) ^_Js■ L^jJjij {y^y U-o tOLo^-ui^^j ju.* 2 rgJI lil5 ® 
C**£>' ^j -0 t4x:?-S^ oLuo^J) ^3 oLo^^jJ) jU dUS (J 1 isLo^b ^3 3 I j91 

.(^^jJl C>LL_^ ‘i53-^1 LjLjIjlJ £ 4 *pjiJl l^ljkj?-^ ^1*1)3 

(^LJI JSLtJl ^3 bjJl IjLii )3 (bjJl i^Js- jCLi_ 2 isJl lll5 1351^0 • 

OLdisJl oJjJi jl 3 Juj .LiixQ Bl^l CjLL-oj?- bi ^ j*uJ j5b3 CjLjIjj ^ BiU- 
.dJl*52i)l By> CibjlSsJl J-sjJlJ U5 (ioLkJl l^L?- OU-J-52J J-ojo 
£(5^1 OLjIjj Jxjij U5 (Jl £C>L«a5Jl CJji! ^c>-*«jLlj LoJlIp • 

di )1 |J_i-oj3j ^^Lu-ui ^^3 3 ^bid^Lo ^Ij.^ 9.*5.*bO < 3 ^ 

.Bl^l b9j?Jl ^Lu_d39 4*13-0-91 4 SJJ 3 JI ^3 £(JjJLaJl ^Lu.d391 J->j-b j-P 
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cUj^AII 

Cj!J uJ-tuMJjiijLai?- jU Lsz^ LbJLC^-I jjlp 
6 jj£> j^ .Sl^jJl d.^Li-cL'?- J 3 - 1 ^ 1-55 ^ CjLjIjo 3 -J^ 

.ixSlJuia-o i)jialJI 

isz^Ldl (3 itjLc' ^J-o 1967 ^LsJl (3 ic?tQ-o 

li^-o-a.>l ‘Ly^nn. S 3 .^ 3 .ri o^ 

\j^\ Cjj^ tLaSj 15 Jij ^ Lo jLSij .Lynn Margulis ,_^5£jLo ^ J! 
On the Origin of isz-oLkI! L^Lkl! J-oI ilLLo 

Journal of Theoretical ■Ljh:n (j Mitosing Cells 

o^iaiLl ,^5^j ^3-05 symbiosis ^Lscdl O^i^ysl c^lib L^LLo (j .Biology 
dl^cia Oi^ycsl .endosymbiosis «(jl5i^l ^Lscl11» dulas^ ,^3 

LjIjj LMidl iju dJLslS^l CjIs^^LszJI JMi?- ij-0 Sl^jJl L)93dl 

iJ.a15 j^xJ^jLo Cjj£'3 £iJ-* 3 oLoyc^! j^ LuIj U^ .5!^jJ! 

jSSI ^j**.J^jLo CjLojtv^ C-J15 tiJJS 2-03 -ij^Lwdl i)jia-J! 

CjLajIjo Cai^jJ! J3 L-oo9L) ( 33-d! CjLjIjj jl Ail .Lo^-03 

(^3^1 ! CjLjIjj J 3^t^ U-o £,ju?E-ta5^9l l 53^^ 

(^_^l3 cLujJij (33-^1 OLjJ-iic?- j^^iaJ (JL^l ^.waSI Ls^ cLjJ j^S^^Adsl 




lIjI cjJjJs .dJLJLs OlcUi^l g-o ,ju?E.Aa 591 


5 ^ 

C)jji) C-J^i?iJ 133 -*^^ c-LlJI i^Js- 5jJ 3 C-cAAulS^l ^JLlIL)3 £^c>3ljjJl 

^JAAJ^JLo CiE>-jrC3l .LisJl CjIjLjJI li?-9 Oj^Iaj (^^(3 ciwJLcds 

J! CjLjIaj dLaf-I Aol ^JioL 5 cdL UlIIj L^LojJ! 

jl Cooycs! Ail .spirochetes Ob^iULi ^3>s2-t!3 tOblA^J! ^jj 'wJ^L 
^jjs3 cSI^aI! AaAj3 AiszJs! 5 !^aI! oLiti?- aJ^aI J3iaj as \jjb 

L^LE>-J?^i-o ^y£' 5^ij ^jA£-J^ijLo CissSl^ -0-33^1 jLA:?-! ^LoI A*-«aj ^ 

O33 tj3 .ioLsJl CjljJAJLtl tj eJJj53 £tw-ASLll3 CjMi ^13 CjLc-3*^'a U tj ^^IHI 

fr > ^ 

.5ajA^ CjjSI^ LoAIc- 0^391 j^ji^yitsl i^E-o Cja 513 ci^jUy laS £i3£>9 
C-oS LoALC- OA^ us cL^LjJi) iiiSlAo ^_^«-J^JLo C-JS 
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Cnj-^ iiilli iggjgJI \J±oJ U-SJ 


oLs^ljJjl i3 j-'*^ iojJLtl \S^^[ 

L^io^ 0-® CcLa£> jJLI .Microbiological Reviews 

iJljw-Ll ^Jx• CJ-«a£?-3 c^^lszJJ i3 cL^Lp- 

lho 1999 ^LsJI ^ National Medal of Science f'3i52JJ 
iJLi^3 (i^A^oLai jo iAp-^Ijj l-AsI^-o ^js■ d^zBlJuo Lajt CoU .Bill Clinton 
Gaia hypothesis bii^ ^.5^ Sj^Lo 0315 JlSJ .io^^a-o j^3 

J-cozj jl ,^13 James Lovelock ^^13133! L^iiibt (^1 

^ySLe" <JiS j.^ GjlI^ .ObjLpciIl ^3!^ (jli 

SjjJsLp bl£'» :5 j\^AJ 1 L^iLoj^ Col^t (ObjLPtlll CiJJti JlP-I J.f'LoIj jl 

jAI JA5I3A J3P- 13;-!^ >Jl j-!a3 C)L^3 |j«_J3ijG Ol*j .«(j^lj-til “ioz-o 

.Ob3lU,l tbjC^ j^ Jj (J*'3 j\ 3 j^ L^b j5o ^ jl CjAiilf-l 

<lpt*i3 jlS £2001 11 l 3 j^l^^bs i3 j'-ol3iIl jvj^jJl jA-oJo jl OJJiif'l U5^ 

5jdJsl3 4-03 £'JJs 1 jr^ dlj^l j^aszJ L^Ulf'l i^J^3 -Cilj^^AcLb 
L^-koiJ US cJuo^l d_b3i33 d.*.^ L^3J3.A1 i 3 jj.w-J3.CjL0 OL>-(^b*uo CoS J^ 


jJ jjl ^sic iJ 5 » :4c^ John Maynard Smith ^jbjLo j3:^ 

jSLLo bl . 3 jA-o i3jSj Uai^ jJ-C CoS L^^SJ djCS CiLtii^l L^l A^Icl .jj.u_J3CjLo 
jjLc dA?to CoS jJLI :J33l jl jSJ .L«ajl bLc jLiu dAopto CoS L^l j-o 
.«Ljjl dlljbl i^Japto CoS L^l l3-J3 LLo jjjuS jSJ cSjo OlS j^J-o 3^0 
ilil ^IjC) CjIJo £1967 pbJl (j dAptJl 1^1333 jCJ jjlc dJAs C)l3Au j3j-o Jjzj 
j-0 1975 ^bJl (3 J3SI J-JAl db?- .(^3w-Il CjL-QwAp- J-ol 1^1301 jjLc d_tu3wa_Lo 
CijL^aJl AcjjJl 6-XP-3JI ^133 jjoptjl] d_Joi 91 ^i-^iajjJa pi JpiLuib .dj9-oj3 333 JjS 
dljvh^l CjI-lcLuiAJI 13-wj'i JTi RNase) Ti jbjJl pjj 3 b ^0301^13 bjJl j-o 
Euglena c-Low^l CjjaipJI £ 1 jo?- C-t-wji d_j 3 Jl ijib?-l j-o 6i3P-U3l 
C)1 ap- 3J1 l30ipt3 jAJ :iijLQ_oJJ Jo?- jjoAl jS 033]! lAi) J3iptj .gracilis 
.i33-Jl C)L_£1 wAp- 3 (^3-Jl CjLoIjj j-0 ju^ij j-0 j ^9 d_o03.u»30jJl d_££jAJl 

ft ft 

djLit-o dLcu^Jl OjjJCpJI j-0 oi3P-Ll)l dljvapJl Cj 1 JuCLu» 9 -JJ p3-iii3LI jl I3JLP-3 

jAj .(^3^11 CjL-QwAp- j-0 (jw_J3 t(^3wJl CjLjIjo j-o l-) 3.L;^1 p^A^Ll ^A-oJJ LoL^ 


211 











cUj^AII 

Sj^^LIgl I J-icLw^Lcl I (^1 ^1 6 Aj^ 

^j-o clj<i3JI C)1 JuJ-u»^LJl ^j-o C)Lc>tlUsl (jl .ilj^ls 6jrC3 Ju-o 

iojlkio Cols' Porphyridium f» 5 jajj^j 5 J ^^3 ^ 3 -o twJL^JaJl^ Ojjjc^JI 

♦♦ ♦ * 

l<£JJS CiLoIJJ ^3)^ l>lij\.C.^I I ^ ^1 jXmJ L^wO 

.d_L9 si I ^ ^ | 3 | d_oOj3 

0-9-9 tjr ‘^-9 ‘Linda Bonen ju^ IjcJ Cti^^cll tC 3 lco?-*-wJI Jj^I iJ 

Cco>- cLJj^SLai Is^ i3 Dalhousie ^533^1^^ dj 2 xlc»- ij JcJ 3 >i 
J5 oLo 3 O-oAixiuil O 33 OljL^l 0-cL> 

j-o ljjJS 5 S' 5 i^l iu^ljjJ Olciill fijjb Michael Gray 

CdlS :(iIjCa5dl C) 1 jcLu»SLJ 1 ^ 3 -^ d_Jj J-o^ ^53J1 d_tui!j ^LccuSlI CJ- 0^3 
^w^dLuiSH ^ .51^01 d_tjlc) 

d..ud_4U ill Ijjb CCil .^jaJjJI bjjj^^loo LijJ J-olSLll UjJI J-«J_tuJ JjA£?tj ^3^l 
LqJI ddi^jJl bjcSLJl LiiiU-uil ^J 7 lll LjcSLJl ^ 3 )-o c:?- d_dj dj| 

CiLoj 4^ y J 5 J 1 ) ^ dlj 431 jSJ-LI ^-o .alpha-proteobacteria 

.dljCa^l C)1 JlCuiSUI^ bjJj^^lJsl ^ 3-0 J5U 51^1 J-wsSll 
bSUdl J-oL) liL*J 3 LbLojl clj^aidl C)1 JCLoiSUl^ bjJo^^lJsl J^-ot ia-Ojj 
LALo) CCLs (^^1 (J^Sll d_dpJI Lo :JbJI JlJ^I (J| jC_Jl Ij^ bji^JL) .Sl^jJI AjSuslo' 
^Jol Jjb d_C_JLp- d_dpJI Oj^loj ^_Q S SjLszj OLjIjo j -0 

ft ft 

31^1 CjLtuAp- j-o 5^5^ jl^ 3 I CjLjIjo ^ CjLjIjo Cp-I 

01:^3 1 S| 53 I 3 JJI idljo J^JJ\ ^ 3 jJl ^ £^SbjSll SjJiLAJI tdh^<udl idljLJl 
jl 3 I j<bj\A3 jl J^iLsd)! j-^ cJjszJiJb bjJo^S^lJjl j -0 iJLpJl SI 3 JJI CjLq-jLp- 
LlLo 3 ^ 31 ^ 3 ^ JljjSl - SI 3 III CjLjIJo \S'^\ ^ jl J-ob 

.bjA3353lJsl ^J^ jAliiJ (^^1 t 33 lll CjLiLAp- j-o C)Lp 3 joj^ -^- 9^1 

(jJJoj U5^ £bjjb353ldil icCc- SI 3 JJI CjLAJLp- j^ OLc' 3 -oj^I j^iCj 
cHiicrosporidia ^ 133 ^! C)b3j5^3 diplomonads CjlAi^LCitl ^ 

bju$_Jl Jlszj .j3?Ij-oSU d_w_i*Jsl idljLJl t 33 lll OLtLiLp- j-o jllft 3 -oj^ Uj 2 i 3 

dJl 3 :^l ibJ 1^3 cGiardia lamblia ^^LoJJI cisz-o^l 4 Jp 3^1 
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liilli agjgJI \j£joJ lj_a 

^.Q.I jls JjJiLii (1681 ^LsJl i 3 -CiLaf'LoiJsl ^Lio 

kw--*-ol LoJlI^- ctjljj i 3 L^l 0 ^ 6^ cSj-ua-o v-q *^33 

iijJajJl i 3 (J| J-«a£lJl ^552J Mi Ijab -JL^ML) 

I ^ ‘ ^ Ljj3 a.(S^Ll1L) 

k > ft 

j-0 L^ jl oJiLi-o ^LiiiLaiI (J| jt j-o 

(^^1 bj\lS^l Oj^ut (^^1 bMi^ ^JlpJI iLip-Ml (^yJ 2 > ^oIJlJI OLq-jLp- 

dJbjb (jt .Jb^Jl ^Jt> ljji> 05 ^ M jj j ^3 bjJo^^lJsl jruisl^ 

31^1 ObjLip- ^J^ ^LbMb .jUi 

bJ^ISLJl j^ jb OLo^-af^ 3^^1 OLLc:> cbjJb^^lJjl ^^Js- 

d^ohlx^ j^Ml bMiJl i 3 bjJo^^l^-o C-cPtx-o 

^ cbjJo^^lU,! OjU L^LLoI^ jt ^Jl> C)L!a£>M-tl 

L^M^t CjJiLft LoAIft .dj 3 _oiiitl d_Jijl ^3!^ ^J^ bjJo^S^l^il OLx:^ (j^i^zj CJjljl 

9 

c.jJjl j\5zlj cdUi g -03 .bjJo^S^lJsl OjJiS SLpJI -Ja-^ ^J^ 

CiLjLii?- j-0 ^JX' bjJj^S^lJsl jlj^ jLalsl jjo ^t jt 

d_dijl (j-u-J^ tijjuSLJl OLlc^I j^So jM JLsi£>l liJljjis .iuljLJl 

j^ tiJ^l j^ jJa-lJl (ja ^3 .Cili^lcJs! (iJJt> Jl CJ^IjI J3 ciLolMJl 

jb^JL)! itj-t-fi" jlS^ ftlj'rfi^tJI I J-'tJLaiM-tJ I 3 1 ^ 5 bj\lM_tJl 

■i 53 -^^ OLi-Jb?- Jl OLjIjj j^ oLxj^ 

ju jl^l 

Mysteries among the Archaea 

.clj-tfiijl OlJL*JLaiMJl3 bjJo^S^looJJ jhiilljl J3M jb?t^j^ \j\^\ l_A. ^1 
£^ 3 -cu^l Cijjti Jo 3 -^b MLu^t J Thijs Ettema Uj)| UiJijS] 

<<^ 3 ] (^llft» ^5 -wj 1 iP 3 -oj^l t^JS' l 3 iilk)t .(^llszJl j-o iffjj d_L.«aB (,^-*^3 
i3-«^ £:)jLJ 1 Ja^^l ^Is 3 j 2>3 - l^bi^l gi 3 -o Jl bbi^l Lokiarchaeota 

(J_oo 9.3 iilji £jj?tJl ^Ja.4« ^33I.^*u3 C-cpti) (^J3 L_iJt 11 3 i?b) \jui 3283 

ft M« 

Mid-Atlantic Ridge i^gudJaMl ^-q*o 7 Ix^ jiij itu-iLo ijj j-o 
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rUjJAll 


.Lokis Castle d-szis jo LoLo^ ,h u\ III 

CjJlPsj ^ .d_l^_i j\Jl> L)j^h<ol L:^3^ L^| jlS J^ £(L_aiLLo 4. Jl CJ15 

J.i-O -0 1^1 OJ^LioO 3 ! ic-ljj j -0 
C-*-^3 ix£i?Jsl ^l3 jJs j-o jiiiitLail jJl jisliJl UjJl j-o L^-i£ajLai^3 
djLo^-bz^l ^ 

^3-cozJ LPj-QJLo Uai^ J,^_<io .JjSijuo joL) L^ jl5 L^ ji^liJl UjJl j-o 

ioljo 4£'3 xj^ bLo^ LbLojl Ja-pjj jJl^ £^3jll5zJl (clade 1 ^ 5 ^ 
TACK superphylum iojliJI eJb ioz^ isz-cu^ i3jh5Jl j-o 

,3jli5Jl3 cAigarchaeota ^Thaumarchaeota ,3jli5Jl) 

Lol .(Korarchaeota ijbiJl ^LoJI^ ^Crenarchaeota djjJuoil 


cL^Lojso 1 ..^^ Olio?JI j -0 SjuSJl jlSLs ^ 3 ! 

djlS Jlp- i 3 j5o ^ cLjIj us ■ j h 111 C*3^ jS_jj SI 3 JJI OLiLii?- OLx:^ d_cJ:J 
g-o C) ^^ll5zJl CjLx^ j-o JjJlszJI djbillj .^ 5 ib^Jl j-o^b 

yojj (^ 3 ! i35b£' i 3 3 ^ 3^3151 CjLlo?J 1 jSJ £^ 53-^1 OLjLiLff*- i 3 S>i3i^3J5l OLx:^! 
■^53^^ OLoIjo i 3 J-^ j-o ^ ^ 7^)3 t^l3-bl OLtuico diiOj^ L_AjUi3 

dSy ?-3 aiiOjJsl yosjo ^ 3 ^ OLUsl dfljjis 3 £C)LLc ^1 

d_JiJI SjjJ) iojzUI ixoil^lj (^^1 liLb dUS i 3 Lff £i) 3 l:^-J3-1 jJl d-^JlC^l 
i)^i3--J3-1 jJl Jlszj .(L^3£7- cbkc- J_S_<iJ3 d_c:^jUJI S^Ul 


tS^jJI CjLoIJo oSjJzlII ^>Sj it33lll CjL^-JLp- Sl^jJ jiajUaAJI j-o SJlc »-13 

^ & 

£153^1 C)Lq.£-Lo- oLLcj^ oLxj^l ^jj5> jl (3 liUy ^ .L^Lfr J-oju 


UjI Jo ^ £d_Jijll£. d_Ji^ 3 (j^3 £j-p-3Jl 3 ^1 j^l jr^ ^ ^1 

.d.Jijlif' CjLlo^ ik>b7w3 O^UtJI 3 (^3^ 

j^ (Joz£50 £ij3l:?--Jj?-! jJl 4->-ttc£-^ OLLcpJI 6 Job 

j^ 3 I £1 LolJ-JLwj^ibJl 3 bjJj^S^I-t-tl 1 b^)\lS_tJl d_t_M£-t yl 


io3Ja-Lo ftllJ iojMJl OLLo?J 1 j-o JoJozJl L^jJ .SI3JJI d_JLJjj> bM 3 >tU lALoi j3So 
L^S 3 3 Juj C)llo> l 4 JJ ^3 £313111 b^ixJJ 3j-o^,l 33 L>-J3>-1 jJl ftLtjgjl 

OLooif' bjeS_Jl d_L_wj3 J 33 ) Jlllb3 £ioozUI ^Jx• SjjJLll 
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liilli tggjgJI \j£joJ lj_a 

L^LijSl C-JIpI jjjJl U-*j| 

Jl*51iJL) oLjIjo jo «3ji^JLfiJsl djiipJI» jJ L^l £^^ 3 J 

j-o J5 jsajUai^ dLLUf (^ 7 ^ :^j^JUsl JajljJl 

.ijjjji^ lJlLuJi 

L^LcdAiLpcJ ^ Q 1 .-■■ tl jl IS| 

l^^jJI OLjiJLp -3 i^llszJl j^S j-0 ^Jl*3 .SLpJI SjJOaI I' ^ Q n juJC Lxic- 

j^isLptJl ^j.aiJl US (joJLiiJu juf-^-oj^ 

‘Si 3 lT'-* OLjiJLp -3 i^llsJI ju dlxaJl j^SjLwj 

.LS.c -0 jJU.i£?-^l (^jiL*j £^JLptJl 


C>Ul 3 ^pJl 5 OIjLJI jL^I 
Conundrums in Plants and Animals 

I^LcLui^LJU LjjoSjJI l)[^ (IjjIj US 

^_^ui-Lll) SjJlqJ) 4_cLiJ) o-cuJS) OJ^ <is?tjuJ .b^ibkU bj^iaj UuSLo JSbio 
^U- ;3 ‘bUoo! dlUjb Jjfc .dJjbb d-oLaiil L^£>5i« U-o pU-JI 3 I 

.l^lo J-J-fiJ) dJbjfc ?U.5x£>- JJI 4jj^iaj OljSs ;J| Oil 0 ^ 5-*^^3 OLll) 
Ju-o SjLkOsJl aphids j-Ll >^ 5^3 

j<bU-i?-t Lft-iS-e' ^ tObl^ojdl J^ iCil 6 jjb .Ljb jJl 

^1 ^-t-4u-tJb I^‘^ ^^yu-tj .d_i_M)bA)^l ^-t-Loo^l ^^joU^^b l3^.szj cd_t_Lool 

j-o l(^<^hvx^ (3 sap oLiJl SjUnf- ij^j3 .ObLiIl SjLnf- ^j,u-«-‘gj ^_^l CjI 
^i-bzj US £ jJsl j-fisijj ttUi jjoU-c^^l j -0 LoL^ iJL?- d_*_j (^jJ 2 s 3 £j5UuJ1 

jy dUi JjsS L^iS_ 6'3 £d_cLoo^l j<bU-i?-^l (Jl ( 5^11 dljk^l 1 jji> Jx- £jLL*tJ (^l 
Cjb^jSJjl cjjjs .L^ d_cLoo^l jjoU-=>^l bjoSo j^\ j -0 OiS-^ L^^Lot 

4 ^j^)Ib LoJ^ LbLJjl Ja^jj £Buchnera (3**-*-^ Jl 

LjbjJU jjjl j-o d_Lo 2 -o i«a«ai?!u-o b^b?- (Ji»-li £iJ3J35Jl 

I'dLol^sfi}} Obxobsltb aSjjjdjl £Cjb3j5bJ9l ojji> .J^-koII j.^:^b dJa^l^j 

IAxMAi^bJI 3 £^^\.S_tJI L^s^Uol (Jk^>o LoL^ 


215 











rUjJAll 


dUi g -03 3 -o-LI 1 L^jJkS CjJ^ 

td.x^LlJjl 4 j^.cc>J 1 OliLiJjb jJjl Olj^icp- IS] OliUiLcJJ L^^Lod 

CjLiJI SjLof' ijit-LsJl •^zjuc3^ d_Ji>-ljJl L^LitjLssLo jJLoj L^Ls 

Jj?-li Jj^JaJl L^^ojLi JMj?- .452.4u1II 4.*_uiL«M1 d_t_Lu>^l j<bU-c»-^Il g-o J-*5bLuJ ^ Lo 
.icLoo^tl jiU-o^l gjLa-o CjLitjLszJjl cjjb tb^b?Jl 

Ijl) ^jJl ij Uj^AJlS 'isLa\s> Qji (Paul Baumann jU^b 

^J-P ^5^150 L^l £d_cLoo^l jjoU-o-^1 ij L^ljL^ J^l33 

(jLs^IjjrvJl (^Lui^l ^55-*^^ ^J| j-o^ OLl*j?J 1 

:)3jj (j 0-® ^i5b?cill OUl CjA^ I43I3 (tryptophan 

4.*_44iL«^l ObJk^b CjbLlU 4-oUl CjI OLitjbslisl 
.5 JoJl:^ d_c:^^^So| OLolSbil CjI dUj pLol U-o tSjLosJl L^| (^^1 

Olj-Uxj?Jl bjAiSwJI (3ba-^l OLLcj^ JLiiij^l ljji> j^Lihj ^ 

jJUl leafhopper SjLojJl S^oipJl dJi Js> Jlio j-Ll Js> 

Homalodisca d_c^L>j ibLJajJl ^s-aib ^*^5^ t-o i^5l3 

cCiblsLclI 0^3-11 ^jroSLJl ^15^1 CiUoU-Ll j-o ^ .vitripennis 

Baumannia a^Lo^bJI .L^bJ^^-u'^ 

d)L?oyi Jolj jlS" ^5H1 £ jLo^b J5J ^1 O^-o-^ 1^1) cicadellinicola 

.Ob^L^ sharpshooter ^IjJl Olj-oipJI dJj i^b^ ^(O-tl Cj\j^ 
i^yi (Sulcia muelleri ^ 

cil ‘(-7^3 ibUajJI .(L_aiLai^l 

Lccttcg*- bbi bbl3JL52J 4*313:^1 OLiobz-til ^j-0 jUIjI 

.oleander ^^jJl3 SI3JJSI 45l3iJl3 £331113 £C)L*is.-oj?Jl3 ^w*isJl lilJi 13 (bdii^La 

OLiIl l(^v '*' 3 ^ (^^1 4j3jojiJ 1 L^ly^t J-oju 

(OLlU d.O-c*ui^ jl J^\ CjIJlP-^ i)JL^l 3)-® 5^33J1 1 jjJi .dJjLj J£3M3tLail3 

<loj-oJsl bjuidJ ^b 05^ hi Ijd5 d_c:^L^3 '^l^Ua-'Jl Ij-!^ 0^3 

U 5 . 41 ^ iblxill olfii 0350 jJis (Xylella fastidiosa j3iJ3Jl ^Idjj ^CjL^ 
.xylem ^.jL-tll ^u_M«-tJI 3-'^-*-d ^bl)3-ll AiiB ■•1 ^^"d 
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liilli tggjgJI Ui-oJ lj_a 

j-o OLiIl j-o d_ooLiijl OLilJ ^^3 

U-o ciisUallJ {JS' cLix-) djlJaS ^iLJjjJl 3-0-lJ .c-Uil 

M^jJI LoJlI^ *153^ OAj^ilui 4 jJl^ d.<.Lo,c- J5 (jl <1^ j-0 

ci^ljJl ji'j-o U5 .Pierces disease jitys ^Ls .^1 

& 

I^U^I cX OL-i<a-oj?JI j^j -03 c^^jJI (3b3^ t3^jr^^3 

tpLp ^Lo j-o Ljj^.LJl5 i 3 ^w*lsJI J^j-o J-b 

j-O '^-*■^1 jLc*-^l JilSZJ |3 ^w--*-a)3 

jSwC 0^3 6^ .JU-«iJl i3 S^U-j j-o Lasj 

.Sj-vfliJjl ftLsjjJl iblJalll Oljdlc>- ^3Jj-b J-^Ib (jl5^ ^■^^3^^ dlJS (3 .<1*-Lc- 
iblJalll CJilbl LoAIC- j^l j^j-tl 1989 ^LsJI 3 

iblJalll j-ynlflj .SAj?iltl Olj^^Jl 'w> 3 -Lj> 3-® Uaidl ^jJoj 

.^J_ol^LaJ i3b3^^ Jl J -^3 i^bLltl frlSjjJl 

JjLiil 3 3 f 3 j^f d_Looj^l jl^J^l joszj 3 .P Oj15 

jl L^i ^_€'3 ‘^ 3 j^l Jjlj-® J-*-®-?" iijwj d_^L^j iblJajJl liJypcij 

. ja-oLp 3 ^ 3 -^ ^ .CjLoj^I 5 ^ 3 ^^ 

3 (bJai^ il^_(ioo ^^LLjJb j^ljjJl 33 AP C-cPtx-ol cju-oUsl jusLsJI 
^5-JJilJl OLa^ja tjjj-b j^ CjAc>- djl A^Iszj jij-tl jUl3l jl ^yUajl 

jCAjl^i^l jCCfioLszltl ^Ijrv-J 1 j^ JS IJo .C)b^iJ?Jl ijw-d^ 

dJalJn<.lI b^'^ 33 ~^ ‘^^ 3 ^^ d_>.^J^^uJb d-cl^^-oJj 1 ^l^-cituJ 1 d^Lo^LJl c^j\lj_^C^^.dl 

^txxulll Ob^l£?w3 i^JS' (ji(.*^b L^ ^jo_tuJ (^^1 (LsLo^l CjbAitb ju?-Lcdl d^ls^j 
jljiil^l ->>1 Jl obi j-o ibliJl MJjjJl JbJb3 cOLllJ ^<-*t-c>Jl 

jl 3 ^ . 1 (^ 0 *ifOxa OLLc^I J^LIj I 43 L 9 (bMidl Ji^ljo ObiobcUsl 

.Ob'it^b bjCSLJl ju OLLc;^ JliiljMJ b*c*jj Libja JSJIj Ijjis 

LjJaJI ^J£' bjA^-Jb C^lJ■^i<^l ju ^jiubzlll j-o dJio^l cJjJa 

.obligate endosymbiosis 3 jL ^^1 Jl 5 ^l ijb^bcJl i^Jo Ols^bsdl j-o ds^yc>s^ 
CjIJlCLai^UI ^Aiu U-b-o jS_<ij ^J£' tibjCu JS JuoJuu 

Sjill (lAjbsltl Aszj ^ .L^lo.^l!l bMidl ^J£• JloJuzj^ bJJb^^l^^l 3 
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rUjJAll 


d-tioLszltl (J3^ LSwcua v_Q<voU SLc>- Ja^ 65^ 0^3 c3-0-lJl {^Js- 
dUi JS^ j-0 ^3 Jlszj ^ S^JlssLo JlSLiil dJLliJi 

jju O^LolIl j^l j-0 .OlsUajJI ju OLLci^ JLiilj^l (J| jl 

cWolbachia iLkJ3JI ju d>:)LpJI dJS ^UjLib^ SjIjI ^153^! 

jLj^jJl^ (i^LiJI i)LS dUi i3 Lff cijjLiiBMJl j-o L_iJa 

■d^Lohll jljjjJl^ ^w^LlszJI^ [jjAfJojiiJl] 
bJ^ISLJl liiil) Ja^j-o ^^yi> 

jg*lo7<4/i ^ dju-iUsl d_JiJl (iL^l L^iSb^' ^ JL^ 

joszj jji«_LS2J3 Lt^ 0-® ^^3 ■ L^IsUa JlJ^j 

.d_Loi^l (iJjJI djtiij ^^jJl ATP _I1 
.L^bi^-iAt ^IS^l JaLffl i3 ^3->J-b i3 

^1 ^3-i0 ^3-0 iJULL)^! (3 d_»_*«_»JjJl ;_bLo^ 

ij35jLU i)3jJsl C)bl3.cpJl (3 ij-«-J3 C)Laj3J 3 ^ ‘3^^ 

bj>cLiL)3 d_c;^3Jl 3JIS0 jt ^J^ IjJij .1^3^ jt j-o 3\iSb 3^-*^! dj3jJsl C)bl3.cpJL9 
dJ.*_c(i> d_Lai-o 1^)3^ C)33Jaj J^ cOb^l JuoJLszj J]^3^ 

33JL5Jb 335JJI iiL^I Jl 52J Jl d_c4*jJb .Olj-wJ^Jl 3-0 i^Js- Ob^l 

(iflS iILj| 3 ijliiLail JSbAj (1 *aJ 3JI C-cpti^ 5;,^^ .lj53jL.t«-o 1^31^ 

£dJ_ooj^l d_3jj3^1 d^lj^l ilb?- 3 JbJsl J-*-^ .i)3ij^l oL^b L^4-^4 .*Ao 
cl:)3^1 i?sii^yi3 JLqjjJI 03111 OlS cAcraea encendana bljLi^l ^35’^! 
O-o ^.-iilbj L^J-o d^bJl Olj-wj^Jl d_3>tJ3Jl 33 JlC- £ftbAcJl3 

^133^1 3 jo d_c£*jJl d_£i^3Jl )} -Cib^l 0-® '^Usl 3 90 

li| .bbl3JLS2J Ob^l 0-® 3^h^ll d_wlp91 i)Lo| o-'O-uio L^| Jj t,1aL^ djUjhX>\ 
1^-030 ^sJa52-o ot^ £33J52Jb g-o iiLa^ 3^ CAi>3l3J 

g-o ^313111 Jlszj SLptll ibis 1030 jl 33JLsJb iiUall 

•33^^b ObLall Objjl ic**j JojI-ai JLlIb3 .33JL5db iw>Uxo ys- 3I iw)LiLo j5S 
Jl C)l3)AilIl yJi 3 jo 2^)3 jUaj d_£3^3Jl j-IJUj 

■ L^J-tj L^.x 9 jjoaO^sJI jo 03)3^1 3-^ tS 1 ^13 "'1 j-^^-*^3 03-*lo 0^ 
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liilli tggjgJI \j£joJ lj_a 

^ CjU^ OU^l (jubjJl ^15^1 i>a 52 j 1^ 

^J| j-o j^jJl (J| 

15 ^ ^ 

^£?tij 'Sj^^ O^L> i3 'Ss^ 05^?^^ ^3 Obj 

dUjJ .Sj-^-oj^l i3 j^JjJl (jii 52 j Jib (J| LjUiijl d_c:^^l Juojzj :Li_Lc- j^l 

j^jJl Jlszj i33 if'bJaJI Jj^l j-o j^JJI g-o |j« 3 LllIl C)bjl ^Jx• JozIj ^ 

. 4 jJlR 1 U IjJuJiiO diJsl 

(filarial nematodes ida^l oLia^l bbl^Jcszj dJj53 

,^1 ,^3 (Onchocerca ochengi twdUl dJi ^ U 

^3^ .^bzJl ^ jj**_tjJl J^njl 3^3 ((^dI .(.j-tul i 

cLiLJ i)j3j-d CxxPiJ L^lilSbo <1*3^311 (^3jJ2-0 J\£- Jljj J oyi 

i3A^LajjJl3 doxycycline ^jd5L*u^(^3JJl Jio ^33^! CjbLitl CjJl .3:)3 jJ1 
J^h ^J3«2J CjJlpij dJS jl (^3J.3lJI (jO-sdl (iptBlSbo i3 L^iJbsB rifampin 

L^lo j«al:?!lJl3 d-w-wdsl 5 ^ 3 JJ 1 i» 3 bz-«b| ^JllJb3 JiB ^ 3 Jji 3 J-^ SjOjLo 

(^5-0^1 djpsBlSLo J^Jl j-oB (d_J.*^ ljL«jJ 3 (dJi j^3 iiiy i3 

j-o jialitlll j-o ^Jo dj:_oidjl 3 ^ 3 JJ 1 Ji^ ^13^^! clJa£'| ^3^313 

y>3^ i*jl 3^1 CiLiobd)! jl d_(B dJj J U-O .i)j3_jdJl L^LioUz-o 

Lcj3 (Olj''^Is=dl Jl bjAlSbJI j-o OLxjyi Jliiljl dJdj?- j-o OJljjo Lu-oj libjJs JiL^ 

ObLiJl 

4_bl3:yi OLijbzidJ dJLtidSbtl dJi^sJl j-o JoJlszJI dbjb jl Jo J 

JllJb3 (^3111 OL.Q-Jb> v-oh^ SjujJjl Ldjli33Jl Ja_ail3lj ^^1 SI3IJI idljo 
jLpl3iijl 033^ ^ ^jdS (^^1 (i)3.o?tJl d-jJiill if-b-o j| .LdBl CiLoyi JJiij 

JL* 5 llJb (^yij ‘3^^ Jl j-® CiLoyi Jib ^3J3b j-^ dv( Joll ^L-oiLaiJl 
j3Sb J 3 .Ijl^ (iLi^ S3C3 JlLo dJi Jozjij dv( Joll OjIS jJU .J'^bill IJy S^^SjJsl 
IJl^ L_(«J jo?tIB .dJJl 33^ i)ib (3«-*J3 iuijJa^l if-b-KaJl dill J-»<aBjl d-o.^1 

.ilLoJl j-o 3AiIl 

O^jJLl cJoJi JdxLuiJl CjLLoX- j-o Joj-tl C>3Jo?- ^JlP J JiolJ 3^ dbjJi 

3^3 tb-fii ^UljJidJ 3U-0 Jli;3 d-l .bdidl j^\ 13^31:3 j-^ d3-^^ OLbljo 
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rUjJAll 


bjruSLJl dJS ^ U 0-® J5^ .nitrogen fixation 

(JLszj ^^^1 oLLcJI i3 ^JLiIL 3 SjjJLII £^^li 5 Jl 3 

d_ooj^l CjLLcJI j-® i3 oLiLiIl ^ 05^0 .hyJS ^^3 

SjJ^l OLiLj ^^t j^ioj ^ 0^3 tC-cjltl iju^3jrv^l Ol^^lj^b Ij^^Jlpws ioU,!^ 
(IAjLssIoS L^ iiLai£>^l3 bjUSo j ^ m \ jl J^JJsl 3)-® 
ibbb iJUiljl 4_cLaSl OLlIl J^3^. 0^ 4jbxi 3)-® Sj^ls 

^ LU^ .j-® S^^JlpJsI Oliljuo^l 153 ^ j-® <J^ 

CiLJ^iLJl Cjj^L jJis tbjlj U 5 . ai*ix 3 CiLiobeLo ^33^ Obbi 


3jJLs2-o3 ^L-o-ooj?- OllMf- - alfalfa ^53Lc^^l ^^x.aijJl3 fr^jLJl3 U^-oLiJl - 
Cy^CadS d_«_>ail^iXprud 1 d'bo L^bbcll ebbS^ cd_cbi}l 

j^Sb cO^LpJI (J^ ^ .bayberry ^jjSbl jLs!Jl3 alder cUl jb^ jb^l dUj53 
L^jSLI ci53-dl OLjIjo 3I OLlJl Iw*jL> j-® ^^3^ £ 4 jLrJJ Sj^Jalo OLIsLjj^I ^jj 5 > 
jo ^ 3 ^^ 5 Jsl jLs cbjtj LsJ .^J 3 -lJJl jjiubslU dJajlj cLiJ| Jlp- ^J^ J-»£aj ^ 

(JjjLl^^I (^jjoJLL) bj\I^_tJl3) S3 J.^u.4w.^I bj\^J3 L-iLJ^iLdl 

ibljj (,^13 ‘Ct^ jbdl ojJbz-til aSjbiJsl ^-033 (aLiaJl OlS 

.ol^jjl 4 aAaAP- d_cLpJl j3-ljO Sl^jJl 


^dL^I Olu:^ JLo^yi i^JJI djJL^I Lo 

What Threat Is Horizontal Gene Transfer to the Tree of Life? 


ft ft ft 

OLibii?- ju bzjbi |j«-J CjLx:^ jt cLjtj Uj 

jo iiLsJJ gjbil djSJ .SLpsJI L-o-^isJ Ijr^ LIjLp J,^_<bJ L^ Sl^jJl 

ft ft ft 

31^1 OLq-jLp- jLaftt jb l33Cx 33 jt Jjb -1533-11 OLdlJo 

tjoszbl US dJajljUil ^53111 OLjIJo j-o aS_bj i3 j-o 

f-lcjs- ^Ja^z-o ^ 3 lJ Uj 3 (^Ij ij Jibtl (J-ft c)i Uj 5JlJ3i :)J 3 ^ -3^^^ U .^^3 
OLjIJo i 3 j^3jdl lSLII £|^^s^btl ^wJJLs .jA_aijU-tl L:^3J3.u3jS_d,l 

ft ft ft ^ 

d_ccLftbtl eJj^l jJiJ .L^l Jiillj Lo Ij^b cxJaJb CjLo 3 -<ai 3 .ojJ 1 i5^^3 ‘i53-^^ 


.L^-dft I33J3 djuipJI ojjji 153111 oLjIjo 


i- 


ljy> 


ia^l 


220 











liilli tggjgJI Ui-oJ lj_a 


d.^.Lua OLjIJo j-o ^153^13 

c l^LuiI^aJI JLtcXI J.XA..M1J .d_o 03 -^ 3 ^ 3 ^^ 

j-o iijSj-o 4£'3 joj^ tiillfii jt 3Jwj .jj>lj^S^l IJji) dJ3LiJ_ui t3jJl3 

JasL?!j (^_^l3 £Sl3lJl iJlJo d_cL?- 4j3ji> ^Js?6 ^^13 £C)LlJ3j^ djdiUjl OLxj^l 

^J| tLiyp^i du^ CjLlc^I Liisl J^Lij U-Lo L_uitj L^iiiiJ3 L^.*-Lp 

OlsM^zJ LL 03 dSLwjLsitl df-j-iitl SLpJI £d_cUiJI IJjji .Lo Jlc>- 

. 5 I 31 II OLjuip- OlsM^J iiUj53 t 33 ill CjLjIJl) 
^35o ^1 .SLc^Jl oAf-ls i)j^ Ci^JUaj j^ CiljUif-^I djjb ^ 3 ^ 

^Uaj j 3 Jn.'L) jl J-*3 cCLcc^Jl ^ 3-0 6j5L^1 Jj^-Ij-LI (3 djsz^ t 3 ^^ j^Loo dUias 

Lc>-3J3j^ 1 dU-Lp ^iiisz-o '!^53^ J-*-;-**^ (3 C)LlJ3jJ 1 j^3i_L?cj 

^JS>^ ^ ^dljuiiisl cLc^Jl t3^ ^ CjIjj .JL?J1 3Ji) Ijjb jl 

i3jj?- C*5z-«33 ^Jl!?J1 CjLuIjjJI jSLI tj-oojiill j-0 jJ3 ^5lJ Jlj^l 1 jjjs ^y^ 
.d_cLoka.aiIl OljJs3Jjll*-«Jl j -0 JjJlsJI ^j-k3 SLcjl J5^ ‘lcQ.*5Ll iJ3i5Usl 
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UJUJI rj^l 


61^1 6>;mi 


UNDERSTANDING THE TREE OE LIEE 




9 


6jOJIiil qjjiJI 6>oill 

The Trees Ecological 

Fruit 


oLpJI jJluO liii OJ^I 

lj\^ bSLa-o IJliIi CJjsso- (^ylll L-^JLu^I 

Ll 5 »-^^j^I JLpt« (3 d^jJs 3 

dujuJl 3 CjJlp- L^j . 43 lJaj g-uf33 

33 U^i Ob^jSLJjl C)UpLaj3 tiu^^SUsl 


CIa^u-CIjI (^_7^I ^ L^La-xaII I ' ‘ ^ 


ju ^^IjruS cLailuf^l^ CxPlJI 

ljU3 jIpcJI ij ^Usl ijjl_^£?JI OUb^AJI 

I ' ^ Axxxul .d_xPLll C^Ltjl^JI 


ClLo^I^zisI g-0-!^ CjLI^ 3 Jj 

3 monomers C)b5£>5il 3 5 ji_*m 

t jlJ^j OlAxliU-xxy 3I C)bj3:^l |ja 52 J 

5^;\^j«aJI d_tPjAll 5 Jj>^I ^Js- JSLAj 3^3 


^^1 frUIf J.&sj» 

d.c>».'JL l^Ljij y isjj 

OUs I 4 1 .7,7^ 1 j .L*l j^: . 0.1 

«Ob 5 _>^-^l jjs LaL^ 6JjJ^ 
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rUjJAll 


C)Uj 15 ^3-0 ^ ojjb i3:*j^ 

djji}\ (jU dUS ;J| dJLo^b .SLcpJl 5jJ?ui ^^JS■ 41x52-0 4 x5»- 

jv?i^lll ^_yi) djJjij (J1 4 xc>Jl CjUjISUI UjJ fiiji-s-oJl ■ixPj-iJI CjIJlp-^I jo 

jSbxtl j-0 J-5^ U-0 tfluorescence in situ hybridization «j5Jiil ^ 

.iozjjJaJI L^llu Cjb^jSLil oils ij ^3 djj^jSLil bMpJl 

JjLo/^ lS5-^I CjLjIJo d-ailjjJ JisLp- iJSbtj d.*^ oJl(1j C-olS 

^ij SjloI^ bijjLip-!^ J^lc>^5l tj L^Lh-wj! cLjIj L^S 

tj 4-o!Ai»cI^! LSuija j5o ^ i^biJ! I bji) ■ d-O.Ll.'juo ijij-^ 
iji^l cLoL^ djjoiotl 4 £^IjjJI CjLjIjo jjo joJoJ! ^3!^ .O^LoJ! 
Lj^^^-iJ3jSb_tl oUJLp ^oJossjo jSLi tCjljjjJilll t,_Qh'jp -^ 3-^1 bJ (jij-taJb 

e-js:^ lS 3 -^ ^bj ^ J^JLI! ijh.'g-U 


£ joints! iLS2-uJaJ! CjLLuJ! ^oJossjo i 3 lS 3 ^I CjLjIJu jjo ^Lt! tj 1 -II jjo 

■ bJ j^l (3>baJb 

jl j5L^ 1*33 t33lil ObjlJo d_oi)Lo JoJlpo JuoJlszj dUJJ 4ctxlJ3 

^^Js- io?!U4xil dL-af^l ^5^Jaij i)3j^l Objjj^l Jxicxj ^^Js- d.b?.ali 

JjLoi^l ojjis L^i^i?-l3 d-ojliisl ^13^^! j-0 J0S3 :01JlJL52i] 1 j-o 
ObjlJo OLoo_tuJ JlpI^ ^_dh7'i Jn-LtLlII i3>!a-Ib j-o ^3 SJoJli^ 

OLdjjJl ^n5?o CxxaiJ dUJJ .^o.£u-> jl iw)3j5b-tl ^jjLuO jl ^53!^! 

itu^jJl (boO-aijJl ^Lu 3^1 •l(^"(^?-l3 (^^1 t33-bl Cjbjljo CjLp^-OJ^ JoJlPJJ 
JlC>-^ 1 LoljLCtLuil j^^l ^Lu 3^1 j^ j^^ dJbj2> . 1 — 02_(iJl bj\I$_JJ 

d_£i>^ bjCSLJl3 £d_j_b3jJl bjoSLJl :1987 pbJl 1^ 333 Jjl^ bbi-lp- (^^1 
C)bjJl_ooJl /ibl^-»£a5Jl3 £clj^aiJl ijjj^l bj\I$xjl3 £C)b^lUil3 £^ljjJl3 £plj^l 


C)ljjJJ-Ll3 £Planctomyces 4iUixu-Ll3 £Bacteroides/Flavobacteria 
£Radio-resistant micrococci d.o3L£Ltl 01^5^13 £Chlamydiae 

.Thermotogae ^3111 C)l3jj?si*«-tl3 £4^j^l j\s^ dj-biikll b^;oSLJl3 

9 

Euryarchaeota ,3jb^l :iwxs 2 ^ d>^ ,3jIi 5J1 Lo 3 :jU^ 

£Nanoarchaeota 4j3ji!-oJI ,3 jIi5zJ 13 Crenarchaeota djjJuoil ^li5Jl3 


226 














6 _pJUJLU qjljjll 6 >oill 

0-0 oUi 3! j'^ j^ liUS ■15 ^j3 jUijo-o 

.d_Lc 52 -o ilo i3 iL*u.L*»t ^jJs JaiiS 0 ^ 30 ^^ jUioJjl 

d_cpJI CjLjI^I gSl^-o ^^43 d_cfi_i 5 i3 Olj^lalll (J| Ll:^ 

ft ft **••••• 

C* 5 >u-ol UjJI ^L*w.L*»t ij\ L^o.6>i £dJji>juo d.<.Lflj Olj^Jal) OfrL> cSLj^JI 
National Human ^iJ■^i^l *^5^ l7^5^I a^^z-oJJ Lob^ -o^So 

3^3:1 8 3£?o (2001 ^LsJI ^ cGenome Research Institute 

^l3i^yi jIjuo .LjjJI jj3 (megabase Sj^Is \Jz^) ^33 03^ iLJ^ 

,^ 1 ) Moores Law 33-0 033I3 C)Ls 233 iI ^3)3-0 CJlS" ^lill 

2007 ^LsJl i3 ((jCLLoi J 5 io3^LpJl CilslSjJl L^^3_c twic-Liiij 

3)-o Jo 3-0 .SJlpIs [sLui JSJ 3^3^ 700 3£?iO ^Lu-Lu-!l dAiSo C-crJj 

i3 Oj-cCLail3 (2011 ^LsJI 3^ lAJIS^I C-oo-oiol cSjoJo^I CoLiJiill 

Jsl (J| djllS^I C-oiiAiol 2015 ^LsJI J3lpij 0 U 3 JlCo L:^3Jo 

.SJlpIs [sijja JSJ OllLoi 8 j-o 

^L?J 1 CiULJl ^1^433 d^Lsz-o 53 jJiJl i3 ^jJij CjJo?- i^jS3 
dop-bijl LlI ^jo_tuJ .d_Lo2-o dJ_o i3 ^ 3 ^ 3-11 lojJl '(UmAm) i 3 :J 3 i 3 o^ C-*o2joo?- 
iiIJj 53 C)b3^^S^l oils JoJlP!J 3 OULJl j-o dJiSLil ^jji* <L>J[si^ LIL?- 33(^£\>^lt 
LoUf jS_<io 0Jo2i L^jOilll CjLLoX- i3 .d_o_tujJl l 43 jS 3 JoJlPsJ 

0IJLP-3JI C)LJl3Lo i3 C)l 3 !ili 5>-^1 3J3 jJLI .333 J3l^ LfiijS^I ^33^l o^ 
3 )-o- 2 c 5 .L^Lo doljjLII JoJo?!j 3>-o d_o?Jl OLlolSLll jo UjJl 3)-o S3V.R-0JI 

iLuLo) dJ_cS2-0 (ilo |3 C)b3j^_Uil 3)-0 'Ll) L^jOZlU SJoJo^I ^wxJLui^l 

SJLP-3JI j.CLiZj bjJl 3)-^ kw--*-afl3£?Jl dla^.tl^J C-0?tJl3 £^3:^3^! bjJl J 5 

3 ! C)b 3 ^^$_J)l ^ 3 ! JoJo?tlI C)Lo3L52jjl ploiCLoil ^ 3)-o3 ‘bjJl j-o 

.dJLooa Ob3^^Smil oils 

5 ^ 3-^3 djg.^.Ja l_ 3 -o 3 i 3 dJ 352 -o L:^ 3 J 3 U 3 j 5 Lil cU-Lft dj^l 3 Lo lj\i 5 
C)Lj_oLc i 3 lJ 3 -o-=='^ J-^r^ lS 3 -^ *^^^3^.q. t oLs 133^1 O^ ^ .<Lj 3 j ^_^,1 
jL^^l ^ microbiota ^-g.Q.JI Cob^^:^ o' ^ 34^' ^gjLJl 03-^1 

■ i3J^ 3I ^joJs ^3! djjJ ^jS 3 ^ 0^3 £b3JL:^ L_ 3 ilio 3^J>^^3 
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cUj^AII 

L^ixPij ^ ^Jo ^3-Jl Lp-^^^ 3j^-Js 1 c-U-L^ J--o^ 

(issjljJl diio^l Jlc^-I .Ob^jSbJsl j-o LoUf SJoJli^ OUb L^biilJl j3-L*^l3->3 
.OLxp-^jLiJs 1 ^j-o LoUf SjoJlp- dj_Qj L^biLA^^l SjoJlpJI oblSbo^l 
- L^billSl (J| Cj^I (^^1 liLb - iwiJ333 333 OLx:^3jliJsl 

Paul N. Evans j-jLijI . j} J3J glia-ol .d.«ajjjJI (icsz^ 

Australian Centre for Ecogenomics ^ ^3^33 

j-o 4 iS j-® LijJl dJ_<!LL«j cLIlj^-oil £Jo^3-^3S i3 

.Jlszj L^.fciijo-0 3 )-o lSI ^J 3 :? ^ ^J| 


The Microbiome 

US National Institutes of ^o.L! 4^3!! JabU-tl C*Sj:)l 

^3J^i-o ijA 2008 ^bzJl i3 SjoJli^I C)lj3j^^l3 oAjJi Health 

4i3i5o CJzL ^jJl Human Microbiome Project «^3J^iJl ^3^3jS^l» 
iillijjl CjLLcJI i 3 Ob 3 ^^ 5 bJ 5 l C)li-J3J iailjjJ 3^3^^ 03-cLo 115 

£i)3JjJl3 d.^ 3 j^l 3 i) 352 f)l 3 d_J.*^l3 i)AL^l3 i)^.-o_Qjl 13 Lc cbiLu^^l j-o 
«^3^3j^_Jsl» .L^^.j_£uj 3I dj?t«2Jl L^LcCLoiI j\Jz 3 jl 0 ^“^ ^-QA3 

cSjoJlp- d.xiJ 5 |^y2i £d_LLS2-o iolj3 i*J3j5b-o ^3-oj^ i^l cmicrobiome 

ObJjLo icSLSLil 3>^3 ^Ob^iJJa-kaJjl Jjso cibLt d.-oJ 5 U‘J3 
ob?siL«af,l Qja ^ 3j2> ^3^3j 5^1 microbiota. «i5dLJl 

CjLlcp- 3)-® “iLolSUl ic'3-oj^l 1^1 3)-o " ome ^3 — 3)-® cjLXiJLMxisl 

C)LJ3jJ 1 proteome ^3^3^01 Jl jjlSUl 

joszj ebJjijl metabolome p3-2u^l ^ £((^y?Jl L^szi^aj 

((L^sLLo 3! L^3i?ij (^^1 C)bj3^^ 3^ CiLLtL'LitJsl j-ooj^) 

Ob3j5^1 j-0 iLolSUl ii^3-oj^l) microbiome ^3^3j5^1 J 1 
OLxpJl JS ^jojJlJ 13^3:^ «^3^3j^_oo» ^JJa-iia-o ^Lo .(‘^^-*-*^^ i3 

Lb^Ij-o CijLlpb ^JlcCLuxJ Lo lj\iS3 J3iaj <1*53 cL^Ixszj i*J3j53-o i3 

. J.aQ .11 1 jj 5 > ^ <lLoJj>6l**il Lo 3^3 c<lg-Q.JI ob 
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OjJulllU dliuJI Oj^jjUI 

d_cL?- ^ 100 10 ij^sss ciljlji* i)4jg.Q.JI CjU o| 

^£?tL) LflijSjj ^j-o cLiiLtui?-! ^la_wjl io3j^_oo 

bMi>- j-o ^5J■w-JI jlj^ (jj^Jl J-® ^ijUjl i3 40 l^Li) .ftLsz-o^l i3 
Ij^IJlpI Lajl dfbjJi jl j\P £bj\I$_Jl j-0 i^yii Ob^jSb-tl ^&Ja52-o .io3j^_oo 

joszj i3 C)Lai3j\iJl 135 ^ .OLoi^jlqJI^ cObjJaJlJl^ Jst 

e- i t, 

bb^jLP (jl jnvJl jjJL) •b33 145^^ bJ^ISLJl j5J cI^Jlp bJ^ISLJl jLc>-^l 

bMiJl jLs jJaJb^ .biLui^l 1^ bMiJl ^^bz-ol 

tbbMi^ j-o Lj 1 j 3 Lp^-^ >5^1 djcLO-JI L^J-o j^Sjj (^^1 iu^jSUjl 

CjjJS .LLo^J_c^ j-o J^ASo j^l ^Jis tioi^JJ |j.3jJl j^jlsz-lsb dUJJ^ 

ijliUsb ^_Qj^ j^-J-o 3.3 :3j-o 150 5^^ j^l <1^1 OLjIjjJI 
j-o j\iSo Lp^Ij ^^1 ^^J■^i(-Jl ^^.U3j5j-til jLs dlJi ^J^ ^Lb^b^ .Ja^ LiJl 22 g-o 

. ft ^ ^ ft 

^jLtl i3 99.9 d_c**Jj [Sj^ ^3-^-^ d-cJij .^5J■^i(-Jl 
^^l jp ^UjI i 3 90 Jl 4 -c£*Jj t_Q h'pij J3 ^^j-%i(-Jl jSJ 

0*5311 J3j-6' L-illio APS iIJlJLszj j-obH Ajjj U-03 .j3>-’\ iSj^ 

tii^^l OUb J L^ C)lj\ilJsl j-o liOb jr^3 £(^jJaJl ^bbJl^ d_coj?Jl3 

ic>t*aJJ d_jJa^l Jjfcbjsl j^^ jl lj^xIpwxJsI j-o j**-J .i*a-olp d-coLb- (^y2>3 
j^l Cj^IUa^?-! jS^ djl (ja52-Jl APiszj .^^J*i(-Jl ^^.o^jSjib dJLbsltl C)b?ijbll ^Jo 
^3J \SjCiu}\ J^3jO(-o j-o j^l jjJL) ij-^LJl iwJaJI JL^ J 

jJuol^ 1990 ^bJI J (1*3 J-o.5zJl Ijo i3dJl3 tbb-^-aij J^)i\3 g-**'l3 Jliaj ^Jp dj 

.2001 ^bzJl i3 t3jO(_Jl ^^-LcpJI J3I Sji^-u*-o 


Care and Feeding of Our Microbiome 

ftbz^bll i3 (j**-*^ (..^1 djOi-Jl obj.^:^ jl i3 obi Aj>^ jl jSLfi' bl 

ft ft 

^bbzJJ L*jL^ l^b OjLlpb CiApij jizpJl IJl^ ^-03^11 Jlitl J^3 i3 

j-o J-Js ^JlP JuO \S3-^ i^-cjjJl Ol^LaJjl (ja52J J-ojO bl .i^-cj^Jl Ol^La-tb 

^JlP JuO blbzS jlS £i. 03 LiUsl i3jljd31 J3^ J-^ Lt^ tblio juLulJI .bjA$-Jl J]^l3jl 
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rUj^AII 

CilS JjLitl i33 bj\lS^l j-o J-Js 

c^^^.CrCtJLO1^ ^J\l^->-l^^i^l^^iIJI ^i^US L^ c 4 ^b?JI 4 ^b?AJl 

d_cp-^ i3 £bJ^I^_Jl tj-o bl-Js 

iwiJaJI Cjl^LaJsl cJjJi cLJa£-| ^ .^Ij^l 

i)^.*r?J| Cjl^Laisl ^aJI [Sy^ cLaf-^l^ L 3 JL^l*«-tl L-)3j^-U,l 

i3 Lq-oo^ Ijix^ Ijjij CiJLpij 03 ^ j-o C*xp- bjjjij cLaf'^1 i3 

(^^1 bj\I$^l j^aszj 1^3 tfrbz-o^l i3 4 .-g-Q.JI ijj 

Ja^j-o JL^I O^Jlp- iLobiJl 4i?ijjLtl 452jLiJl ^bill j-o .S^Lp 

^sJisz^ i^bzlj^ t^jlJJ JlJLo (jjAfcjszj^ tJw-oj?- j^j-o 3^3 Ol^Lsijb 

O33 cii^-ccJl OlJiLAtb (iL^l Jlszj g^Luil j3-«^ i3 bjLib 

dUi .(^v££Io!I JI 'w)j 3 l ijj (J| d_-g.Q.JI Cjbj.^:^ iojLoil 

j-o i3 153 10 j\j ^3ljr^-> bi ijbzj .[Sj^ flcJa jIj^Ls 

Jlszj Ol^LaJjb JL^^l CiLo-^t-litJal i3 (j\:^bJsl i^gOjJsl 

.^_Q<loll Ol^LaJjb 

Cjl^Liitb djszJLJl jb^l 0^3 J3 Ci^UJl joszj i3 

djszJLJl Cibj.^:^ j-o cj^ ol L_iJaJl d^z-^A^ 

L^-il 52 J 03^ ^ Ob^jSbooJJ JJLLo (icSZ-cJoJI 

L^-c^LLo y^ 3^^ Lciiljx! Jolj^ LaJJ^ 3! Lbj.0-0 

.dJi (Jx ^llo Candida albicans «ftLa^l Jlszj 

^dizJl Jlszj .i) 3 -oJ 3 JI dv-Q-JI Obj^:^ i3 Jw-0^3 3 -*^ (tLocJI du 3 uA>\ 

jt tji-C ((Lajt CiljApdjl j-o 4 £' 3 lI-o ds^^XiS^^) dj^jjpJ] Ol^LaJjb 

«^diiJl» tj*-<**J bsj-o bLp-t3 L;^3 -o bbj-o £ 4 -Oj.^ cLicJl du 3 ujX\ ^^-«a 3 

.^1 ^ *^ba^ g--Q.u 3 ^ooIj ^bjl3 (thrush 
i)3-ij?JI Ol^^Liiib ^dsJI Lo Ijr^ (j 7 ^l 3 £^33^^ i 53 Jl 5 sJI CjJlco 
C lostridium idkil» ^l3Ji)dJI bj\:6bJI JaJ! is2^l3 

:>j^ Ljl^ill J1 33 i5JJl3 £^^^3!! Jl^^l jt .difficile 

^33-^ JiLfljo 3Jis i33^t5sJI 63 Ji> (Jit .(J3J3JLII i3 oLcdJ 
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6_pJUJLU qjljjll 6>oill 


d_jJaXl Cj^^Loi £ j'UwjLo^SoLiJI 

^ 3-0 (jyi-ttj ^ .-iaiis it-tiooLis ilLssB (J^^o CJuJs cdjisL^ 

jL? US £i)^.*j?JI Ol^Lo-tb j^^^Lssj ^3-^jJI ^£?o \S^ 

Lq^ULq 5jA,££«--gJI 4£<UU ^3^ 3 ^^**«-'SU,l ^^jIjSJI ^ 3 -® >-*^ 13 ^ 

SjA-ttLsJI Jl:^53 .Cj^^LpJI oJuJs i 3 OJoLaJI ^JlC- dl^zs^ Uj 3 c^ru^oLo^SbLaJJ 

5j^-«aj) (jjl £>3 ccUsI^ <^ 15^1 tS L?^ i 3 

^_ 0 *U!l 452^13 4j3a£?JI C)l^LaJ>b ^^bsJI dbsjol 1 ^ (SJluxp- 

(33-J-o ( 3 ^ d_tim,l .lj\lai>- Lij-o-o (33^ ^boj3 

.^Lp JS LoJl 15 J. 1^3 (joi-tiu 

cBen Eiseman jU-***j| o-> £6>*u^l iJiJail LiUjS'l £1958 ^LsJl ^ 

Veterans «cLoJ^I jujb^Ul SjU| ^j^i-tiJ-£«-o» ^ jU^tU 

bbjjis^:^ (Jj £jiji ;J Administration hospital 

oLojjo 3-0 jjJlszJI l-coo! .Surgery aL^ ^3 03^b?JJ i***-o3- ^ 

.Billssial i«jjU-tI b^.^ liLa-o dJ^Uj Jlssj Cj-us-o 

** ^ 

bjsj-oi ^^13 £^&^Ls 2 -o! ;3 d-'g-Q.Jl cLoj-o 3 b 34 ^ 

j 3 iLRjjJaJI d.-g.Q.Jl JIJuJLwl 3 b j-o3lI JJp l^ohlo .; 53 .*:?JI iLaXI 

ft ft 

CjL^3^1 3 b 1^3 SLLss-o £iwUj3Jl 3 ^ 3^311 ^Up- 3 -® 3 ^ CjLLip .(^Loj-o 

CaP!^ .d^j3 dj3pS dLpj-o C)b3J33 J| 1^1313 thXiS^ 4pto ^ 3 ^ L^j OblAJI 

^ 9 

.OJupJI ^&.^52 j-gp- 35^b2i5l d_*«-opdl ^3<bJ-ll ^LssIauU £4liap- 

ft ft * 

l3jJ 2J ^^-ol t 3 JJl 3 £3U-a«j| 3-J ^3b2Jl 03j^\ 3u_£«J1 j -0 ^Jp 

3 ! fecal microbiota transplantation ^-g-o-Jl Ob^^ ^jj ^b 

^ 3 jjip 3-^ 3 ^ £SjLsd)l ^ 3^1 3 I £4x^j%i djJipS oJLtipj 3 ^^ -IjLflii^l FMT 
6 ;uaa^ 1 d_£iiaJsl ^ 53 lAP ^3lp i3 3bisJuo b?-L^ FMT31 ^jj .4j3.Au^ i 3 ^i3Jl 
i 3 3j3-tl ^Jp l 3 S;bi 3 -^jJl i^bzj .i) 3 .£pJl C)lJiLa-tb ^3b2Jl 3 ^ d-oj^LIl 

iw)jL:^l Cxi-^S .FMT 31 3 -® Jp33tj ^&-^31 p JlIp CjLpLj 33 -“^ 

New England Journal of «i£^l JliU-jI ^» dl^ ^ 3 j 33 J-tl SliLszXl 
iijliLo ij^[sCj jA^Lo^SoliJb 0-^ 0 ^ Medicine 
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rUj^AII 

d_olc^l jl cFMT J1 4 jUi1 i 3 iciwJj 

.Jlp-I^ \Ss^ l^iiii) ^ 

twco^ autoimmune Jli j^j-o ^3 (Crohn’s disease cb 

dj^5^,) 4jg^^l ju dJ^Ud) J^£>- )ju^5zj Jui! dJo-ufl L_iJ! 700 ^j-o j^l 

SyLia-u) 1 ^ 1 d-u-uJI L^t^dl lajb .dbujdl d,pu^^ 

I—t4£'LLoJJ dJoJLtl j^sLosdb bjulaj ^ 

,j«a55j 03 ^ (fiJois d LoJUf- d_cJlj:^ IjIjI l^J-o JoJ^sdl 

• jdLSslJ Loj-o 03^ «^b J^I5^J . ^j-o JLaiLuf) jLc'-dl 

«dj^.(j?Jl ObLo-tl Jlsj Lo» ixaj^llo (J3 j 5 frb d.«.uJ jiisj 

jbj-tL) cS^j-tl ^jJ l-g-Q-Jl CjIjj^i^ L^iico .postantibiotic syndrome 

<l(Jj L^L> ^Jj L^iU-j ^ 5 ^^ d.v.Q.JI Obj Jij 

J3j-^ .d_tui!j (jijJsl 0^-5 ^_Q (Q(Jj FMT JI ^jj dixtul^ 

L^b?- ;Jj djg_Q.Jl *^ 3 ^ C 33 JI 

ObLJl ^ 3-0 ^iSdl ^ 3 -o 3)^3 FMT Jl ^jj jljSb JJjJ^ 

OLi^^bJl DJjii dUaf-j .illis JJoj dj£?-3Ul Olr^^bJl jl 3 JwJ (Ub?- i?-bJsl 
Food and Drug Administration dl^jJl^ dll^l cjbj jl 'isu^ Jui^cdb 
(d_aiSjj CjIjLi:?-! ^Ij^j JIqt > JUb^ djL^ Cjl-C^b FMT Jl ^jj CJoSb?- J3 

db bU ^j^yi j-o j*tJ -^jj-II Jiiba-o j -0 JJ L^ gjiaco jl jbjrCiltl j-o 

(d^lj£.l g-o-Qj FMT Jl ^jj jJ jSJ^ (j^^^l ^3 djz^Jl Cibj^:^ ^wiljb Al j3j5 

& ^ ft 

^■>-*-***-^ ba 5j\^ltl djg.Q.Jl Objl b?uol 3 3 Jwj 

❖ ❖❖❖ 

I ‘ ^ ^ ^ ^ jJJJ J.^zj ^ j 33 ^ ^^ bol^^..o I j I ^^>^3 

c-Q A3 cbiLui^l i3 bjij^Jaj d_cLA CiLo^lsJjl j-o La .(3 jb tdjsJLJl 

. ft 

bJl OLJljUj (J^-aibdl J-JotJl jjl i>Llo Co>dcol Ll£?tO i 3 bbjLo 

.^ 3 . 03 j^_Jsl ij ibl^-^ioJI 

£^5-c^jJ 1 ij .ii-j-wj jixl )3 Ca ^3 lI f' 3 -^ 3 j^-^^ ljLuIJI IJwj 

Jaiis dJLsi jj Jlszj jAJ^ £C)b3J^-^^l j-o Uli^ ^s-J-tJl jCLi^l j^So cgJaJb 
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6_pJUJLJLI qjljjll 6>oiJI 

jjjJl .Sj.oO-0 ^w-_tulSl J3 jUi^l j^So j-0 

d.<.L<ajgj (J 3 JJ 3 J Lol cd_cL^I djg.Q.JI C)bjiOjLflixj jy^ 03^S^ 

j^Jaj cj^LS ^)L<aI.‘gj .i^Ul Sj-w-^ djg.Q.JI ObjrajLa£>- j ^mu.7S^.3 4j 

cL^'LJa-ol 3I L*.'g-*.J:? ol bs Lajl i)^52-tl djzJLJI Obj.^:^ 

^Lc- j\^LJJ d_cP-i^-ojJI (J| J-«a3 ciiJLRlII j\Jz3 ^ tj->blj 

Obj.^:^ Jjw?tj iju ^5j-JlJl tjjbjL) 

Rob Knight Cub jCo ij . 6 j.*-o-o is^Li 

ij CjjCu 6 jj^ ^bico ij University of Colorado isxU c-® 

(j^So (j^ ijr^^ SjjjaJoo (j^So Lo jC?- C-® tlszAJI Cibj.^:^ (jl 2010 ^bzJI 
Ijjb jb J^CJI .gjl^yi CjU-oj 3I bjJl ilil jCo iwJaJl (J d.*_L3 L^ 

Cibj.^:^ jl Cub j^tl -Cjb^jSLt-oJJ iojuj ^ji) j-o JjJ^I ^5-dI 

(4 .gjLu^l io-oj jCo JS ij bjj^ ^^5^ j-® 65^ bjjC_J djg_Q.Jl 

i^Js- bjeiSbJl ^l^jl j-0 ^Usl i3 13 j-0 j^l i3 j'-ini>c^ ^5^ dljLiJj 

.L|ls LL)JJ i)JuL^l djg_Q.J| Cibj^:^ .L^-ka£?t3 Cslludl ij U-^Jol 

.CjU-Lu j^Cif- ij ^^5523 L^.«uu jSLI tbjc5bJl illjj ;Jj jjJ^l J-***-^ ^5*^^ 

cLCi^l LjjC^ djg.Q.JI Obj.^:^ j-0 d_CP eJju ^Lo^l io-«aj jCo 
L^ICpjj^ d_-g.{LJI Obj^:^ j -0 CjLlcp ^JlpJI iwxdLui^l CjjLo jJLI .L^*u-o.b 
l__^l djg.Q.JI C)bUQ *03 j -0 O 3 M 033 Cub jSL^ .dCuSjjJJ jCo JSLCj iaiLu?- 
jlj-o-J^^I jf-Lflj dJa^l^ L^-o_CtCaJ 3 ij-Jj-b j-^ (jJ^_aib?- ^LlQ-o OSy 

C)1Jlc>-^ Sj-CiJsl d_co^^^ujJl OLu^l j -0 1400 ^£>6 ^ 3-^33 cPCR J-mJ-^^J-LI 

djSzJLJl Clb^^^i^ dJi Jl 52J jSLol .CjLu^I dJJti iL*J_ui 3 

^3t JoJlpcII ^Ijit 4-olidl 4.-g-Q.JI L-)3.a)b?tJl ^Li-o 5i3i^3Jsl 

Sjls ^jCtLuil joitCJl ^ ibU-O ioiljJi |3 

Jjiji 270 ^5-uaj C)bLu SJlC-H j-o iw)3.aib?Jl 
^_^nll 4J33 31^1 J 3 ICiJi '^3^1 JoJlpsj jl (J| 03^33 Cub jlCil 

ioJj^tLuJjl ^5jC-Jl bjJl il^l ^^Js- d-Lai-ljl bljjjl jia52J ^^Js- ^53)013 (_^l3 
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i)^5^3 AlP UjJI ilil ^Jx' jSLfi' ^ -f3-JI ijLtij 

^33_a^ Jlo 7 'i Mb djg.Q.Jl ilil Lol .Lo i)d_aJaj 3! 3! 

l3 C-cPtJI 1 Jj 2 > jL:?-! C)J■^i^IJl ^5^ ^3 j-oMl ^ ■ ploQB ijwJj 

jL^ djl 2015 i3 Time «^Ij» d_L^ .d.^.^'g.^t-ll ^Lpt«aJl 

.3I0 4 .t oLLox- (3 Ijjj 3 i 9 ^3i2> i3 djg.Q.JI Ob j-^r^ j-o OLLcP 

03Mjoj3 OjU L^^3 jLuiMI *^^33 j| 

cdj?ijljJb jAfbJI j-*-^ L)^b^ i^jb twjMSJl .i)j-'iwJl 4 j?oljJI ^jSiJ j-^JU J 3 

.bijJLp-3 dj?cj|jJb d^LLallsI ^13111 jjo IwjMSJI jl C-cJ jJis 

jl Jo M fiw^LpJI djg.Q.JI C)b(J^ cibUj-O ^13111 0103!^:^ jl 
IJuJs ^&X-Jl) J 3 .<iJj 3 Cj-co ^3^ tj3^ ^ C5^ cL-illio 

(3 JlL^I 3 d.-g_{LJI Cib(jl lilL^ dU 5 ^^3 .cU-JiMl 

3^3 ^IjBMI ^jro j-<-ucuJI L2ul ijo^* 1 .bisJiJLpcj JB3 Jj ds^\j 

JkB 5 j^MI (j-o 3I ds^\j}\ 3-0 jl (flcoljJI 

LLo3^3jS 1^ jl JuljTjo 3150 i^Js- L?c 3 l 3 ^.^1 Jl^ .dJ_LS2jo 5 jiL«j 3 

. LLliM_«AO (MJ 5S3 c b.AJ 3 -^ 


The Gut Microbiome ^$ 3 ^^ 

jo (3^13 £^^352X1 obj.^:^ 3^ jxiSb 8 Lj?JI Lijj^l 

Obj^:^ JjJlszII io.*3^3Jl 1^3135^1 3 -^ Lq.*-££u:> bjJLpij jJi] .1 ih?-M U5 ^ ^IjBMI 
^^jJ 5>3 £Lljb2-ol 3 ^'^3^3-191 Objl b?t«bl3 Ob .dJ352-tl djg.Q.JI 

^wAjIJ 53 JiLipJl 3 133^^ £^i-£ui^l 3 Obj.^:^ ^sjJil 

Ljjjj 3 i)35Jsl djcLO-JI .iobJl Lli?t-o3 ^00331 

j-oJLo) C-blS 3^13 M 3^1 ^13^1 3-0 tiJllji) .^bJaJl 

joszj .LbUz-ol 3 Cjbj.^:^ J.52J3J iblB cjuJ 6 33^^ j-o bjbz-ol 

U-o £Lfi>juu*5b LuSbg' M 3^1 ObjAtl CJ-ali Lljbz^l 3 ^'^3?'3-l9l Ob3j5m.l 

cM^ djLJii^JI oJjJi ^wab13p ^- 3 ij Jw.a^Ltuj 3^ 1-j ^b?-LLo L^lLptj ^13^ 

. jl,/^l Cojj^l 3^1 cLoiljjJl 3-0 
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6_pJUJLU qjljjll 6>oiJI 




^>S>J ^j-O 4.0^52^ ^j-0 4JLpJ 1» (jljliJl 

Ob^JJ bjj Jiijl £Ob3j5m,l j-o iJL?- 4Lo ij ij ^3 

j-UxJl Lajl Sjj5>lJaJI ^Jj 5> jl dLoi ^ .bJwJjiJ (Jjj jLs 4.-g.Q.JI 

<ix-Ma-i£aio 4 p- 3 4pt-ol^l dJi^s^l ^ 3 -o 3 -bj^ (j^.*_£ulSo jjjJl 

i^y 2 i 3 £porphyra.n «(jlJ^ 3 J^Jl» SjAill J^pb £i)^52il djzJLJI Obj.^:^ 

(j^J5b jj 331 jjuibLJl j-o iwJLjJaJl (3 OljJuJfc^jS 

bj\lSb £d_'gLQ.JI £^5Jij3b2-ol ^Uibb iwJL?iJaJl 

jlj^j 3 Jl Jipo U-Jj! (^1 £Bacteroides plebeius << 4 ^ 3 ^^! 

jjjJl billet j5L^ 4 j 1 SiLaJL££i^l jSLfi' ^ 13-1 Ji 

j-o (JbJb^ jlj\3j3Jl j-o ^LiaJl jisMbtLoil j-o bj\I$_Jl dlij 4.'g-{LJI 

j^JSb ^ j-*3Jl £jjuSoj-o^l ^^JJ 4.'g.(LJI Cjbj.^:^ .(tlj-oJ?JI iwJb?iJaJI J^Lb 

C^£u-*-l3 £dUjJ 4ct^3 ibl^-MasJl bjUSo £^L!Qljb iwJL?iJaJI 

.jljr^J3^1 J3LIJ j-o ^IJaJI SjjJLll 

4jt t^Js- £4l*_£«Jl3 cbz-o^l 3 4.-g-{LJI Ob^^:^ 4Jj jo 4ioAilj 43 Mp dfljji) 

L^b^^.^Pc^ 3 b^jO^_tJI jbixO^JI jlp^-dl .4 xxx.m) ^wOlS" IS| Lo L)^ 
C)U^ .Bacteroidetes Firmicutes CjL^ Uj^ isdLJl 

ij^SUsl mycoplasma Olj^JaMil^ ^Ij-^l 4 xp-3-o bjo$_Jl j-o ip^-oj^ (^yi> jl JlpJI 
^ bjC^ C>Ljl3-i£a52JI Lol £j^ j-o C)lj-o SJlP LflibjSi 

ip^-oj^ Cj-CLiiJ 3 U-^ j\P3 ^lj-^1 iJLui 

bl5 Lcjj £jLw-bjJl jljj5>lJaJI jLflllpJjl j^SLjJl U-fi> jllP^-oj^l .ObjAtl j-0 

j-0 JjJlsJI Oil .4l-o_££Jb 4.-g-Q.JI Ob^^:^ £jjiJLpJsl jd-obJl 

L^jJ Lj1j3 4L*.o-OI :^3 l .OL^llOii^l iJob ^J^ UiLo 4£i_£ultl Oliip-^1 

jljlAJb ijjLOi 4g-Q.JI Ob^^^:^ 3 OLbl3*^vll jIJl^I OLu-o j-o ^J ^1 icO 

^ ft ft ft 

i 4-fc 3 4 J 4ic<0-ituJ 1 iw> Lcmi I j-A ^ ^ 4^* I 3 b-ciHit j I Oo bll 1 j-A • bj b . o9 l^od 1 

jljj 33lp!j Ijxp-lj .L^bds j-o 3^ (jl^^iJl 

ft ft ^ ^ 

£L^b2-ol 3 jIapJI L^LcCLo j-0 ^^^tpl 4<-*uJ (..T^b ^bjlj^ 4i-cC-tuJl jlj\AJl 

Objl^^^b ijliLo jljdl 3 4£-Q.£JLo ObjLS-o i^Js- 
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rUjJAII 

jt 1 jji) . jlj^l 4J.-cu*o d_o_c«j dj djszJLJl 

l3 Siljj ^*.L.4.uJ ^5-JljJ^l j-0 Jli^ jls (J| jjjo jls j-o i)^52-tl d_-g_Q.JI 

. Jjjj5> jLs djziLJI Obj.^:^ d.xx^uj U-o jy \ 

ft ^ ^ ♦ 

3JuJ Lajl £(TLR5 ij'^1 d^^jlLo) Lj1j 3 d_Lcc-uJI j-o i5j3-l djjS d-ff 


jJs 0^3 cd<<v»o(^ll L^Ls i3 djg.Q.JI obL^ .CiCiO-itu j jj^ L^jl 
tpbdaJl i 3 ObjL^l di^bz-o j^t SjjJ bisjljj J-cLpsj j^iaJ ^ jL«-o 

(^y:>yilll Ljl^b bLp-t jljUiJl CJjij LjLaj .^^1 J5b ibLu^ 

i3:?^ ulcerative colitis 

jt d_Lc5z^ Ol^La^ L^Ii^bz-o {j^ 3 ! object j-o L^lilJuoj 

.dj^sJjl djg.Q.JI ob 

d<<\vO(^ll SLiUI i3 djg.Q.JI objt (3 eLiJI j-o J.JjjJ 1 dJlifij jt ^Juj 
^3"^ 033 ^^ 1S| . jlj\AJl 3 t ^ to I i 3 j d_C<0.i>4uJI 3 

.^&-^bz-ot 3 OLil^jiiszJl icO ^t j^JisJLU J-Jjj 

OLlclo ^J| oLjl^-^iaszJl icO ^Lfljjl j-® i3 dUJJ 

iwA^z-oJI j-o JljJ^ .dJ.*_4«Jb d-^-iuSjJl (X.LM^\ ia^^3 tjlj^b jIJl^I 
tjljki^l OLxlo Objl^-kOSzlI d.5Z^jJsl d.^.*u-I.tl j^ d_Lo_01 -L^ djt.JjJl3 

* * ft 

5d_L.(OJI lillj ^L^jl d_Lxi_tuJl JjJi ^t 

dJjliJI Olla£>'^U.I jjo d.aJLli>to ic>3-oj^ jj3 5juOt«jo Oj^iLuo jiO dJ^it elLui! 
Lk)Ljj! icc^t O^J^ 3 lJ^^I isz^j^l d_.l_Mxj I o^. 

£ jj^-tuj^U d_^,Mi Lmai^cJ I ^liA^ul (^-C" ^c-t-o 3'^t3 ^3t^t (3^ ^lijJb 

j^So djL?t:i^! [j^_s 05 ^ 5 -t^t fiLaii»-l Jjlsz^ (JxiL^ jt cjj^Jo jSL^" 

^ 3 - 0 -;^ 0 *_aij^ £2012 ^bzJI 3 -^jSjuJb jobill)! Jisb^cJu^l 3 jJ dvOQ'kLo 

£i.fv^^ll 5LliJ! 3 djsziJI Obj-^i^ jj3So jCib joJuJ3^! cUJLszJ! jja 
cLiIi>-l JJlsz^ L^-wjLs JlIC- ^jJI 3 j5^3-tL^! du^j jj<bAc>- 5 jwX3 

5jJk3 ^jo ik)j.Lt5! iCo-tuJb jr^La-L! JLp-jJI jjo ip3x-:^ j3lp-LJ! 

fi 

fibz-o^l iJ-£*0 djLo-C SsLi 3 j^LuJI Ob3L£*oo JJI 

•• ^ 

OLftjj j3j3»-^l ^jyia£-I £ibjJij i^b jlj^ j-o OLc-jj jjoszj 
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6_pjuiJLI qjijjll 6>oill 

cdjLsU (ijwa ^LlJI C*jlS 

45.3 26.2 <x^ i3 cLiiic>-l Jassjo Ja.Au^i >3 2 :^ 3 ^ 

^33 ^^ Cj Lt-Lc^- 3)^ tjl .dJLxSijJI 

.^5JSL*J! cIjlU JLsss ^liajJ La(La(l js 

cipt-oJJ jjjjLui?- j^3-o (^yi> d_ocu(a.^l SL^I d. 52 ^ jt ^j-o 

OMf-LoiIl C>jji> i 3 bj^ j-0 bt Jo Ail . 1 ^3-0 3! b.^ ^ 3 ^ Jl '^bi^b 

cfJLljfcj cLL o3.<j3jSwco j 3 *-) (jlSLo ^5^ i3 3^ (^ frl^-oi cSAiozJsl 

^^ 3^3 Jl -J:? 3 bij OjL^l ^IIjo 3 .J_.il.4Jsl 1^ l^^j-o Jb_fii jl JoJ^ 

iailji .S_j$Jjl 01^^3)13 d.J.;.^l djgiiJI Oi.^^ OLbLjjl 

^^33 ^^Ic- >^3^3 J-ol3£?Jl S3.*«jJl >ij 3 i 3 Ll 44 f <l 52 .dL> i3 <l 2 uii 44 oo 

* ft ^ ^ 

J-'-b:^ (jl Jl (J3^3-tl juio .(JI3JI J .3 SiJ3JI J03 d-cL^l djg-iJI ObJo 
{J^ ^ jl3^1 J-^ 3 jiJ 3 Jb 3 JaU ilbzB Jozj d_J. 4^1 djg.iJI Obj.^:^ 

^^0)3^^ Jbji> (jl d _43 iAIJu J U-o .iLoJoJ)! d-cP-^Ul d.JajJl 13.4^43110 ^ 
.LJo^uoiI i) 3 .o?Jl L^I.oojJsl C4.AI40 (^^13 tb^Lui^l J ^.-g-iJl 


(^kfl ^>:>;^l 

♦• ♦• ** 

Fluorescence in Situ Hybridization 

J-O jLo (bjJl iLw-LwJ isEJ J%U Jjis J3J3 Oob> jjl (SLpJI 5 _y?ulu 43 j.. 52-0 ^ 

Cob 3 _^^^-*-J 3 4 _u_m._ 4 J 1 i^Ijx-JI Oj-mApO Jl 4 Jj02x 4 lo J bjJl jiasstS J.SUsl 

ft 

.metagenomics Cj 1 ^ 3 A^Ii 4 JJ JoJl^JI JiiJl j^L.! (^13 

6j\J 631^3- JbJsl Ul5 Ap-b (FISH 3I (^jilllll ^_^ 52 ji 3 isl Jupt^l ^^^js_**o djjij d_| 
iL 3 lj_o 3 ^3jj3jSb-tsl J i>ijiJl b!ib?Jl J.ft L 3 ^sllb Cop-UJ ^.o_ 4 uJ (^LoJl J] 
djjilll Ap-b .LoL^ djiiipJsl 3! ibUsl (3^>^J1 io3jSbJsl b^pJl g.0 L^iftlij i^iJ 
.ailujJl J-o JoaJI ^y£■ L-ixPU Jl l^jSb6‘3 ( 5 iji-tsl AaIpJI i33A*«-o Jj CjL-03A*p-bJsl 

4 jj_ 4 wJJ 1 3^3]! Lo "JAAMij ^3JJ ( 3 li.o (Lo 4 jj^ J ^'^3^3-^^ bSlpJl J-^ 

'?^3jJ3jSb_tsl eLpol J 5JLP-3.0 CjUpLojJI CAib Jjb ? 4 ll 5 Jl J 4 iilpJsl ^l3J^U 
.^jbcaJl U.jblSbo| jjio i]pLw_Jb ^jilllll ^^52-03X1 J\Pt^l Lp-3J3jSb3 ^3(^0^ 
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i. 

ois li^i ^LoJLvJ 

.(j\i?i^lll ^^l) i^UaJI (iiLiLtaltl 3 I iljUJsl 

iiljJLol 3 j 2>3 — probe jL-u^o ^^Js- (^_y£JLiIl 

J-O UjJl g-O ” '^-35^ SJlPIS 18 LijJl 

i^yLIL) i^j-> .C)b 3 j^_U,l j-o j-o 3 I j\52-o 

^Ij-tl Obj^^SwJsl «C-*-Jb» dUS Jl 52J3 .iJLoO-*5 

^^jJl JiLo ioL-o-*5 S^Lo 4 sLo| ^3Jji3 (L^lioJ v_Qlolx^ 

C) 3 JLffJ 4_3l5 d_cLo 3 jL_«xil •jL JJ Sj-ilo Ob 3 ^^Smil 

3 )-o i^t ij'-?^ OJlp- li| .ja£?tflJ 3 1 ^ 3 ^ c-^-«aJb d_LLS 2 Jl j-o^ 

dJiSJl i 3 Ob3j5m.l 1 ^ 33 - 0*3 td.L<jgj| (3 bMiJl 

* • * 

.d_ill3w3 joLu-O ^IjLCtLwjb d_ill3w3 (jl^b 

Lo ^^Js- iujjSmil d.l<.JI |3 S^iUl XaSjgJ 

jj^Lo Jl^52-o j-® Rudolf Amann jbsl d_j£. 

j^ ^1 Max Planck Institute for Marine Microbiology 

b^^l ^->co?i>o ^1 l 3 ^(,,, 7 ^ 3 ^ 3 ^ 3 ^^ 

L^lsbi-i-O J\x3ZJ ( 33 '^ (jl 

J5 3 I Cl^llszjl 3 I cbjCi^-Jl J-5tPiJ joLw -0 ^-*-*^ liijjj djPtCb 

d_LcS 2-0 IJoJlPsJ ^^1 joLw -0 0^^ dUj^^ cLs^J -0 1^1 3)-0 ‘li-*-52-0 

OLc-^-oj^ ^>-9 Lu.i 5I ^^jiULiIl .Ob3j5m.l 3 )-® 

- J - 

^J^ (JLiIbj oLlcc- CjJlj?-! dljj i3 ObjjSm,! j-® 

.L^ip jt ijjLJJilll ^ 3 >^^ ^*lo7n/i ^ (^^1 dlLoi^l 

^ 3 jJ! Jle?J! (JI d.^Luj?- t 3 iljLiJs 6 ^bj (J| Cj^JlscJ! Cj^I aAJ 

^-oJj b^b?J! i^I 5djLoo bM3J! i^I :^jJ! dj^b dJLl*uI ^y£- (iu3 (j^-c 

^ 3 ^ (JLLo 53 ?,jr^52-o JJzA 3 )-® 5^bll*y^l L^JlSL^ b^^Lcdl |^I ^JsbtCL) 
i^jJl j.c>=-Jl ^3-<_)3 j5Loo 3 )-® ^c>-<-<-Q 3 (^jiLlllJl j^^sz-o^Js 1 

I ^j& 3 } bj^^bU d,^l^j&^UI <Jw(_ 2 _o 

Cjb 3 j^-i_tsl 6jj£> jl i,J^ (l 53^^ jjl C-t-^l 3:^3jr^-^l 


^■>. lo .' g '-«.«01 
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Oj^uLLLU gill 111 6>olll 


cJjb CjlilSLoj^ jl tj tiLi ^ .jCCcJs! L^jj O^^L^oo (Jx- 

4j^^1 

tLsz-o^ iuilji SjjJLII Sibj3 4 LaJ_ 4«J1 d_aJSo j«bLaiol g-o 

i3 <10-113^)1 C)Lo^^3j^_Ui1 jJ^ J-«a3l jS_*itj ^5-^Aj 

. LLaS^S c ^ c bS^^J-a) ^ ‘ LLI^u^ 
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10 


OpJJLiJI uUI^ 

The Tree’s Beginnings 


(J| U'lc’- BLpJI Sj-plAJ 

o-^ L^J3 ^ L_LtS ;j\J?!y 5 

Luis dUi o^3 -^Uj! dUS l5_^ 

.41**! OljLLo 4 ^£>U Jloq - dUS OJl5>- 49jJ1 

tS 

.i)iU. sLlpJi ojJ^j ji^ ijjU-tL>3 

;33 41uj jL-Lo 4.6 55 U Ju-o (jij^l 
jdSo iuljLp J^\ Ijl^ ))j CUl 5 (J3^1 L^6! 

jj^I jlxo t^js- .SLdpJI ^Jlj j! j-o 
CjL£5s^jb_t_t*Jl liJLC- cLo-LssJI 

LusJs- SLlpJ) eJiJ <iuJlS 

CooJ^ uU .L^lLp-M«aJ (LoJixo LiLu] j 5 o ^ j| 
(J| CjLl^So j-0 SLjpJI Jj^! J50" CjLujIjjJI 


.^__j.<s-LsJI Cj-puJI ^j-o ^jr^psys J.ip- 


jl cfiLisJI cijlj^ CJjsiil iU-5» 
Ijlp -15 ji3 cOLii 

«ljii5lS 
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rUjJAll 


Panspermia J-oLiJI 

* ft ft 

d_Lai jL-Lo 4.6 Lc>-tuj SjLiJl (jl SLj?J 1 J-ol jJiiszj 

iiLsU b^Lsz-o 4 -oL^3 cSLpJI i*3l5 j5o ^ 4J_a) OljLLo 43 

P^cldcd.!! I d-<olAJI I Jj^ i^^^jo-o) d_i.^b 13-0 

AiU .^^^Lq_u«JI ^bzJJ ^b^-dl dJ^I cl4d.clcs ^^..Mib (wi-u)Loo cCon 

^_Q*^Q 1 jij^l C-oOjJZJ .SLptJJ cIJlszJI JoJL-ii 3 bjii*a-o 

x.cLmiJ .bj-o3 j-o JLoAj^ 

i33 baji [^3 jlSbs i3 CjIJo L^l Jo ^ SLpJI jl j^S^^Jlisl 

.jij^l ^J| SLpJI cJ^ijI £ j^jJiiszj US £Lo d_Lp-jj3 i3 .oLptU ioc^ibo ^^1 jlSbo 


£(«jlSbo J5 ^ j3jo») panspermia J-oUJl i^l c^jiaJJl olfi> 

.j 3 >-’\ jlSbo j-0 Ljij Jl Ofrb^ ^^3 £ j^SJl J doz.«jl3 SLpJI jl y>jUij 

L_i *5 iUlft ^ dlLoi^l joszj J-oLiJl jj-^1 gJaJb 

TLlfii (Jl CJ-03 ^_qS jlS-tl IJoJi J dUS CjJo?- 

jS j 3 -l jlSwO J j^l^^ ^ ^1-33)1 j-0 Ijoj-o jl Jo S 4 jb (jrovJl 

J-053J .dJbjij ioc!^ JS^l C-bS L^j SLxPtJJ SjJ^JjI i^3jiaJl jU £0 UpJ 1 d _£3 j^JoIj 

SLpJI jl LisiLi-0 d.*5zj)l Jl £bjJl d_j_J liJjLiJjl LOLJiiS-tjl cSbjS (j.u.^_t£ol^ 

£jlibl J-t-^oi (J^ -i^S^jl jr^ Lxli^l ^bol <Lt jl (J-ft Jjb d_Loz-o OLoMft J-oo?b 

oUjjSl j-0 :)JozJ -XftLu-0 J-ob ^ molybdenum «^3;jjL^3tl» _9 

4jl5bo| J-oo?o (3jJl £chromium ^3jSJl Lol -l^Sj^b US 

3j-%iozj 0^3 jSl p3jSJl jLs eUi .SLIjS £j_cQi?tiII yjyszil ibU-o 

5 ^3JoJ w_J 3J3 1 j-0 C^3 do ^3^ cS ^UpJI OIJo Jji> .^3ljJw_J3i3l j-o i^Lsz-ol 
O^ilSUi-o (J.ft (53U1 > Liji> Jl J3-03JI jU £ji>-l jlSLo J SLj?JI OLio 3J 

6 ^ £jlj-oJLai b JOJ^I ^_QvoQ'i eJjLiIl Jj-o Loljj^l jl ^ 5 -Lsb jo?b .hj\^ 
OL^jjJ (jbjozij .SLpJI JlS-iil j-0 JS-ii (3^ dJsb Ob^ L^l J-ccb 
.iJjo?o l(^oUvo 3 eIJJJ3 £(jbjMJ t53^1 1^35^^ JJS- SJolL^ 

£ 3 joJu(iJl 3 jljj?Jl 0 Jo 2 i Jto JJ33 S jj £SJlp- 13 i)J^ISo d-Jb^ Ji-o £ 3 jiR-i£aJl ^Lui?-Sl 

OLftjj^ (jbjoz^ £d_l_M«-0-(^ Jl ^bjJb ift33Jo3 (^y^jUdl cLaiJI JJilb J33 
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6_pjujJI uUliJ 


liUS 1 ^ 5 ^ djszJj^l j-o 41.00-0 

•• •• ft ft 

d.t.Ml-O-M J 1 ^jLi^ tj-o 05^0 (jt tj-o “lil liilfiJI cUJ-c- 

J-oLiJI jj-*ill jLs liLIjJ Q*0^ J^ 

j\£- jj*-I jlS^ ^^l i3 L^ii^lJo SLpJI ^5^3 J-*J^ ^3 


U-tu-iO-ituJ 


.SLptJJ ioc^iLo ^^^1 dJ_tJI JL*SllJb (^y2>3 

JJl^ J:?5^ J-oLiJl jj -^1 Sjv^Ll-o jt^ L-J^-csJl CJjij ^J^3 

.^lJ^>-^l ijlSLo j-o iijJajJl jt djsz-o^ cU-ait djJoj^ i^ls 

U 5 J-oLiJl jj^l Anaxagoras (3ylj5ftLu5Ul jb^Jl j-ol 

jLajl -1^9^ j-® J-'-bu JvJt (^7^ dU-LsJl jjjt j-o JoJlsJI 

^Hermann von Helmholtz 3115^-cJ^ j^B jLo>fii SjiiJl 
Jiip- 05^15 ^3-03^ j^Lo g^bJl jj^l j-o OLoobjJl ^Lft3 

William j3.**o03j ^1^3) Lord Kelvin jiiS" 13^3^13 ciiBLLII 

Ob?-ji jjjjb^-o (^j-o-o) i3'bll3 tijJJaJjl j-Q-koJl 4-o_3 ^Jlp- (^LIl ((Thomson 
CiL^ji 4113^ i3 j-Q-i 5 ^ ^ j^ .d.-o_uib ijlloU 

j3JlJJ d_Lob?Jl d-jj-jJl jb?t£?-^l j-0 ^ I^Jlp eJbjji jt 

oJjJi Jlp-I j^ CiJJti SLp- 13I ^JiptJJI C>jji> i 3 lilbji* j 5 o ^ li| .cLaiJl 

lw)L_ai^b (^yxftt 3i?b d_oO_tuj Us Lii33 jj ,loQ<u'i 

.«C)bbjJb SLta^ L^Lg-^ (icsz-cJaJI 


(jUojjJl (jLo-* 5 jl 3 libj 5 i^Lo! (1973 ^bJI ij SjCB i33 

.J-obiJI jj^l 3 >* 5 jl U^iilSbo Leslie Orgel J^j3t JjJ 

31^1 j-o jt j^U* )} djL (SjlJij Carl Sagan jli^L. JjlS J:)L^ U 5 tl^t 
g^bz-ii^l lJljS cLaAJl J^jJsl j-0 3^?iJ jt ij-ilo ^Lu-o 3t ilj-o j^ ^J-C' 

t«dj^3J5l J-oUJl jj^l» J iljLR-o iijJaj b?-^ iIJJJ3 t53^1 3^b?-3 

jt 3 L^iLoj ftlit i 3 d_oS oLijlS L^Jl^Loi SLj?J 1 jt 

"9 

.j^t jlSbo j-0 Juo-ft j^- C-JLLlst <i*-oj?to ftbiis dj,cfl-t..t jLo Lij^ OfrL> SLj?J 1 
(LJjJl SLpJI J3ialj LUjLp i)lJo JJ-o J-o jJ LbIS I133 jt \s?z£^ IbLj jJLI 
i 3 Lff £ j3^1 i 3 ^J| SLpJI j-kiiJ 3 j 3 Jalo j ^3 £j^I 1 ^x 53 ^ i 3 
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rUjJAll 


a£]) .^JL^ 2^^ SiLa^ dj:^ ^ 

Coz^-to .^Li>- ^j 5> U. ^jJj-*-o^l ftU-LszJI Iw)IJlj?o 1 0^ C-cla*-^ 

^J-o j\i_(iJ dlAJ ^jl^-tl i3^i O^ 2^^^ 3^3 ^3^3^ J^ljJl Sj-o 

fi^jJoJl j^So jJ dUi jl jLlf-L) ^5J^u^^,l j-o (:li5z^jJsl i)^iljJl cLb^-iill 

\S3^^ d3^ilp |3 Lj^^I ^ 3-*-C' l33J^3^J (jt (jl^_uJ (^^1 SJwj ?-^1 

(jLs US .^Lj^I ^j-o IjliS J^LiJl jj-^l ljJlpij ^ .(j^SJ! ^-o J-kal^iJJ 

jr^ ijt tSLptJJ ^L-uiLoi^l oLJJl ^ J-oLiJl jj-^1 

.<LSyii}\ jL?i5>-^l c(j^SJl U'j3 c4->.*4oo-<,tJI i3 oSLo 

The Warm Little Pond i^ljJI 6jr«^l iSjJI 

(jt itJ^jiiz-o ^^S^t j-o j-Ss j 

i3 £1871 Jst i33 £^U' 100 j-o ^^1 jj-o .(jSj^l UiJi CjIjo SLpJI 

^s>6 i^Js- 04^ cjoseph Hooker dsnXta ilLoij 

Ca^^s-ooI ij-0 (J^ j^3 SjIS OIJl) J 3 oLpJI jl jS^ L-i-So 

9 

.«4isljJl 4Sjjl» ^5-aib l3^>5zj 4ljjJa3 

(^y> jjtS J3I ioj^l j| JliL) Lo Ijr^ 

(oLb «li|» iolit-«aJ L)^) li| jSJ^ - ^l^jJl ^J-C' C*jS Lffj3 £ j^l 

^1^1 j5 ‘lisljJl dtjJl (jAv-) jl LuSwot 

i. * ft 

L5^ 0^3 ^3-^^ i53^^^ ’ dL)j^-iJI ^^Lol3 Lj^^I 

I I I j c Lo LoO-S jS_(IO J3 Lt_t_0^^^ 

Lo ^3 03-^^ SiUsl cJji) 3 ! £j^LpJI CaS^JI i3 £1JlJLszj 

3 

.d_o?Jl oLijISJI J 5 L<iJ JLpJI d_j£. j 5 o ^ 
£3Lo?tJl J-o^ J-oJlisl jo^Oilll 3Jis iisljJl ^j^l ^jrbLo jJ£>^£> JJaJ 
j-0 iJli^ (ilo i 3 .iwoL^l j-0 j\^ ^^3 Cjls^iki^^l j-0 JoJozJl ^5^3 

ii^LszJI ioLoo_SJl O^Lalll ij->j-b j-^ d_o?Jl OLIjISJI Olj3Sbo C-ooSljj SLo?Jl 

CjLIjS jS_i Coz-oj^3 £C-j3Jl dUi i3 (J^J^ ^ 3 ^^ C)U3Sbo j-o 

.(ixloJzJI d_Lol3A duJlS jLio dsKJiJji CjLs-cLszI] 1^3 LolS jjlSjJl 
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6_pjujJI uUliJ 


£j\liUsl ^ jw3 jr^3 ^IjrCS^l ^j-o 

Lo ^U-13 Lo jlS^ i 3 OJlp- Lffj3 .liUi 13 dLi dJbjb j^So jt ^jS^ ^ 

i. ^ ft 

oU^SLtil ^j-o ij^£?6ill ^5^ .prcbiotic 

jLij oLp-ljvS^l^ £j\iSo ^waj2-o 1 jjl^l ^J^ cLflijL^iszj ^js■ jJaill 

lJlS .LoUf j^j-o ^ 0^3 ip^JJLo cIj^Jlp- ^LlLS 

.LsJsls Ijlp-Ij L^ jm j-Ls c^LaUI) jj cSLpJl Bjlj^ 

.Lii?- cU-LsJl joszj SLpJI J-ot OLoiljjJl C-*jJl^ Ail 

U-fii cLjjij J-ol^b jLoiliiLa^ jl j)o[s 2 Ji jLai^ ^^Lol jjiil Jjl^t i3 

cj. B. S. Haldane jjAlLb .(j*.! -^3 Alexander Oparin jjjbit jAjLuSJI 

jJ3jl^ 8jLg.I*ol Jl j\51 b^-cusioj iJL-cuS J-cAijlij cjil-uua 5i?Aj ^iLo-C- (jIaJJIj 

.diBlAll Sjli-oJI i^jdJ 

Moscow State <ioo^SlpJl d-sz^Lpij cL-cu^JJ ISLlaiI jlS^ 

«Sl^l J-ol» LjliS' J 31^1 cJl) jLio cijlS^t ^lll^ ^University 
.1924 ^LsJl J ^ 3 jJl isdJb ^aII^ (The Origin of Life 
a.oL^| l-cj .SLpJI i)lAj Jl C)lAi?-9J LqIoIx^ 9-twl.tuj 

J jl5 (oLpJI oLlJ dAo i^aII j| JjUiJl ^ 


£(CH 4 ) (jLld,! J ^\s>- J (j^jSdl jlS .aiyii-to aJL?- 

oLblSdl jl bajl jjjb^l .(CO 2 ) j^jSdl Ax.tu5l JbJ 3 a.£u5jJsI ailL?- J 
Oblsdl (heterotrophs ibAiill OjjUclo CjLjU J^Sll a^l 

^£?Aj 4.Q.£ALft d.-oj5>Lw-o C*jl5 .JIaJI SLj?JI J C-oSljJ ^^^1 

S-LoCU^l^ iALLqJI ^ 5 -Lp j-O SA-cCL*uO OLo^lsZ^ C*xP- cJi^^^tLo 

Jl djbJ Aszj LiLp LoUjLfiil C*x.tulSl 3 

J j\JL?Jl il^jJl j -0 5^3 (Antonio Lazcano 5 jlSj 9 .1936 ^bJl J 

^J £'3 .«i)j 3 JalIl JJLp- J (iip!j» djb jJjb^l ^-Q *^3 (JL^l ILfii 

^Uaill iwbL^ Jl j-)jb3l jLd Ais (LjLii^l UsU d_io3j i)3jijl aj9j2>3^ 
(Trofim Lysenko 3 ^-'*-'*-***-d ^5-*33 j^ L*j^^.iJl CAb^L^dl dj| £|^^^iLt_(B 3 -*^l 

ajbl_cJaJ 3 ^ 133)1 ^s-Lc- A-o d_t(A)L_ai d_Loj?- £ jdlLwj j-o ^i-C-Aj (j-ii lS'^I 
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rUjJAll 


ciXxilsLa ij-€ CJuO I^JlPO ^j_ 6 ■ j\^JxlIl JlP- ^J| cic-ljjJl 

Js^ J-*^ -Nikolai Ivanovich Vavilov ^3i^l3 jk:L;i53Ldjl 


-Olj-o i_>u^ Order of Lenin ijuJ ^L .3 
j-o JoJjJI dLLcc LszLl oL-obj ^Lp jjjJLci 

jju^lp^-cu.^1 LIo-^Q.! <1-c^j0 CjUj2iL«-o ^J3 ^^3 

R. A. Fisher .djt .jl £ jjjJLb jl5 ^J| |jAj?s.£A*5^1 


population ^ISL^l C)lJlj3Jl 0 -® ^Sewall Wright Colj 

4 jljJaj jo j-o .j^iaill J-oP (LJlS OLoL^j ^J 3 ^5jJl cgenetics 

cbj^l dJLo^l^ 65^ fjLiCLjl jb jjjJbji Lij cSJoJlsJI 

jLio Ip^lj-o djlj jl 5 IjJ^ cL^^iSjLo jjjJLfii jlS .LiLp-^ osj^'^ 3^3 

Peter Medawar jl^lJ^ jl JLqj .^l^l ^ ^bjiaj joBj djSJ £3Sj^£.^ 
Oj^IJ .«i3!ilJp^l ^Jp dIBjP J^j djb jjjJLfii C-oij j^^l 

bbj^ US tjJjb^l jlSlsl jp LoL^ JpJLmx-o 5P0J SLpJI J-ol jjjJbb jlSlsl 

.i)j_d^^l Jl jJjb^t LjllS 

jjjb^t (LubjB» ^i-aib ^U-ifl SLpJI J-ot jp j-Jjb^U jjjJbis jlS^t J| jLio 
Ji^ -U^i^ djbijJl Oparin-Haldane hypothesis «jjjJbji - 

dSjdl jl c^^IjJI I kljJaluAil (jJjl_ai^l ^ d_oOj.^l 

Lj^^l OjS JIjlJI jSj^I <^Uui?- (Jl Oil (^^1 (ilpLoitl jU cJa-cpJsl OjLo 
.(jjjJL^ LoS^) j^jjSJl 0.^1 Jb 3! £(jjjb3^ bis^) jli^l^ jy^3jJ^l3 
d_OJ <10 b^S-o ci^^j frLtjgj Lo-Lg.^ jD 6l j-JjbbSi J-Oij 

OlJaS 3I £Coacervates «Oljv35^1» jP- j-Jjb^l OJlpo .d_Jidl 
£cUsl J OLSJjl (joszj jbiOl JlIp LjIpJj jl L^bi j-o 

.d_nOj jji^Jb^ frUtP- (J?^P (^^3^ 

d.52-oL^ J aiBljJl dSJJl cLu^jB Ooz-O^l 1953 ^bJl J 

.J| ^JjLo Lb?jl oL.ljjJl iwJLL j-o University of Chicago 3 ^ 15 ^ 
.Harold Urey ^33! jJ3jbb J lU^ j^ S^l ^Stanley L. Miller ji^ 
33 ^^^! d_i«_jS J qaj3 jjl jS 3 cbbjol i )^3 J JJ 3 jJis £LJILo LSoj^l ( 333 ! jS 
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6_pjujJI uUliJ 

jlS" ^3! iu.jJuo ^ d^^Lgj Church of the Brethren 

cLocu^l i3 J-J5^ ^3^^^ C*xp- tLJjLp lj3"■ ^ U)l^ J.52JlJb 

d_J^ ^ 3 -h^l 3-‘^3 cJ-JiiJl 43LijS^ 1934 ^LsJl 13 LoLp isz^ 

twJL^ (J1 - 3^3 3! D) deuterium ^3 Jj^3jjJ1 ^1 ^33! 

JSJJl i-Qh'ko ^1 dJ ^jJl - tritium cjlill ^ JbJl 

d_J.*^ i*3l5 ^3Jjr03JjJl J3 1533! jl5 .(j^^alsdl j-o 0^3 

S33-0 (3 J'^3J 3\loQ‘i ^3:^3^ 0 ^ d.<.Lc- (^Q<h!l 

i3 ^13^1 frhji 3 3^'^0 -^3jl-!ij jJaJb ^33l£?tj (^^l3 tiijLai 

3 1947 pbJl 3 Robert Connick ^> 3^33 Cm ^ 3 ^! 
jL L ^3 (^^L ^3 c-) 3 ^t liJliji) jl5 £Lj 333_J15 d-sz-oL^ Gilman Hall jU-Lp ipls 
^5jJl3 C)l33P i 3 iuJcsUsl jt 3 l 339 b Lsd)l3 tGjJ ^ 3-^3 

^w*.c«a3tll jJaillll ^3.^ jl5 cdJLLsJl ^J^ ^^^UaJI j-o JJ-ol 

33-b> 3^3!^ i3 lSj3^ 0^ Jw-£u 5 t 3! D2O] J_JiiJl dUsl 

■LS3^>iil '^3f3Jb ^3Ajl33-dl 

US £^333t £(3^391 jv^UsJl j-o JoJlsJI S333 djbjJij ^J^ klCLail 

IsMp jlS £^ 33 .cpJl £(jl JlJI ^33^! jl £ jJ3b3t j^So 

- |j\i?t.«xS 9 l 3 (j3j3SJl3 3 '-?' 33 ^^^ " ^-££^311 ^txP-3J3^1 jy^ilsz}] d _3 Ola^3l b3:> 
^J| jiaip-3 .3'2^33 Ju^1 JLp S33-0 3 3^S^1 ^valszJl 3-0 joszj dbl) ij'-i^33d£^b 
jli^U (NH3) 1^3-0^13 (H2) i>!^ 33£X^1 jLt (3-0 03^^ i33^f 3I 

(^y^L^3 frbj ^J^ 153313 3-b-o gii Lo 3Ji) g^Lis91 1 a^ .(H2O) frUsl3 (CH4) 
^J^ IJuo^ ^t^3 £ 3 LptJl 33^ J -*3 3^391 ^^33b 3^ J^xszj dil Lb 
3 ObL^I pbd?- 3li^l 2^3! £(33.cPtJl - J.*3 3^^1 ol5b?d)) cLo (b3jl^ 

Li^l Sjw-kOA 3 ^ (3<b3^LQ-l)l (53-£^1 " J-^ i33^1 

£»aJI 250 4 jIjS j^xasJI ^J| L^ 3 oj 1 j ciJisJI dJ-is d..j?r...uca ifljLisi :(Amish) (^) 

j53^jAl) ci)JuSJl 3)jUj3l djdoLiLa (j lU ^3 <dj 5 oj-o^l LjlAL-Jj ^^5 (j ^.^J.&l <d.o.Mj 

JIjsjyi (Jl i| c^»JbJs>-^ (^iolla (3 tOJLiJZJ (J| j^IosLcM^ j^ljJLIa 

joLsw (395 L:^5J5j5^l ^ j5laL5?lJ dUJJ5 toLpJI £_^Lul (j JL)JL»;lU j3a5Lia ‘^53^^! OLg’.o.T-'^l 3 ^ 

.[jjjsttl] .dJ.*jia 
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j-®l \Sy^ '^JS-^ LjLoo-* 5 L^L-L?!J3 L^lo CjLLcC' 

O^jrv-^l i^5^l 

cSjlp-I^ dj?ti-o ^iUs j-^ 1953 ^LszJI i3 

J-ol^l J-iifiJl *^3 tScience «(J*JjL«j» d_L^ 13 1 ^ 33 ^ ■ j-b-o 
v_Qv^>3 £«ftLailui^l 1 Jj 5> ^3b-<A' i3 SjL^iJjl Ol^Liij^l3 C)L>ljCS^l JoAsJb) i3 

d-^jjJ)! IwaISJI i3 J -^13 ijbaj CjJl*^'! JaJaio 5 JlpL*l^ 3^4^^ 

* • * * * *• 
k^J-9 i3 ‘^bsl jb j-b-0 'iLsl .SLpJI J-ob dJilRltl ^J-^3 

C^o-Lp- O^IjI LoJlI^ 4jL^ i3 1j5^3 ^ tJ3^1 ^3-31 

jA-Ac-p- >^5^3 JoJlpij j-0 j-L- 0 ;4Jap-Mtb SJlp-Ij 4jpuI 3 i) js^\ 

j 2 iaj >3 cOLlJjjJI i 3 jjjJJI cOt-alanine j^^l-liJ^lj t^tw-^-Lg.!! cjjuic^l 

djb J ^33 .oLlojjJI i 3 ^ i 53 J 1 cp-alanine j^^l-LicJI ^ cj^\ 
^jAlIl C)L?tll-o ^j-o bl>j \£-3 d_J_oo^l ji>U-p-3U ^LsaS^I j^l J_Jpij frlj-if"! (j^l jLp-» 

.«LiLp-^ J-w^idilb L^iP ^b-t_a)^ 

^LsLbl d.j-uoI LbU-p-I 1 j^33 1533)3 j-bj3 jj5 1972 ^bJ! tj 

cjJLflJ!^ cdLoob^JL^! jii*j ?-3 cdLojb-a;^! ^_yj ^3 cS^Lft oLlo^jJ! 


(_y3)3 *0^3^^-^^ ^-5 t (J^^A-cuJ I 5 * o^*^3^'53t^ ^ ^-3 * 03333^3 

!^Jl5L^ LajI ^c>-^l 033 ^) 3 ^^^ .OLlo3jU! (3 ^'^3^33i) (3:*3'^‘-^) O-® i3ibLo-p-l 
(^_ya>3 tiljLcs-0 l^ 3 jJ 5 Jii 3 jjiU-p-^l ,3-0 ift^JLLo 3^ 

. 3 ^ 33 )'^ ^3^^^ i53J) i,. 7''"^333) i—I^‘^ 33 ^^ o) i«p3) sb_u)^! 
d.xJLoo^l 3iU-i>3LI (53 -‘-c=31 j \^ j3-bLpcXJb d^JLsz-Ltl jJ3Lilli ^-ocxp- C-*-5jl3l 
(JjuJLwjI ! 5 | lS3^) 1 ^ 31^1 03^ l)) :d.-o.^ Sjlp-I^ diajij 

3w(-ma5I 3^-9 £3-tu5^^Xl ^J.^-tlJb c^Ll^^l ^ 03 ^ 3 ^^^ 33 -^^s-Ll 

3 ^ SjUap- 4SoL<i dJraJLi ^j^ls .d.xJLoo^! 3 bbsi>^! (^JLpsJ 3 JL 9 £3^j5J! 

.^^Ipuo 3 S 0 ^ 3 i' 3 MJ (53-‘-c=31 i 53?31 f^M^l 3 ) O^) 33'-^^^^^^ s-LoJLszJl ^cJa^z-o 
^iLlcS •f '331 ijT^ 0^3^! il^lpui CjLLu iiJLLiJs dUS ^&-ft 3 

oLLa-op-cJJ ^yla-wj^l 3^bLll 3 iuLLl 4J3I3PJI oLijs^iJl 3-® 4i5z^-U)l OljLiJl 

.ii^ipuo iiLp- 3 33 ^ 
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J _3 (j^ OLooSo ^L-Loo^I j<bU-p-^l ^ 1 S| 

.L^lo^ ^Ls^l J^ 52 j ^SjJl oLi^^ J-oLiJl jj -^1 jLs j 5 o ^ 

d_>_tu-<0-itu J1 |3 j3^I (jlS^ i3 d_J_oo^l ji>U-p-^l (j^So (jt ^j-o Jo ^ 

^5-pto JaiLo) 1969 ^LsJI i 3 13 j^j^l 

y:^ .UljfuAib cljj^iSLs i 3 (Murchison SjJj j-o ^ojiUL 

^LS 100 ^33 ^3:? C-o2-oj^ jiJ JJ^ (53-^^ j3-‘*^^J3^ 

bihII ^JLiis .C)Lol^^l*5 7 bbljLp-| j33 

.Ljjiij L^.4«_aj iw-_**jJb 3 ^ 5 j^-j_L-o i 3 Caj^So (^^1 

^J| L^ 1 j 1 jSo 3 t 3 J 3 -J "j-b-o 3)t^ ‘bz-o bbJLp-l JJ^ 

-J^ (J^J^l C)lJa.o?w3 i3 J^Jo ^ £<i*5j^l J-cLpij g-o 

.i^ljJI bP 3 jl'i d_c«ij 4 j^.o?J1 


Membranes 

♦♦ 


cb^L?- JSLul (3 ^^ 3 ^ £(^^ia-o?to SLpJI Jo>^ ^ Jb?Jl 

j-c- d_Ji^ J5 CiLiJ Jj>1jo d_JiJI ob^SLo t_Qlvi US 

^-0 d_j3Jl cLilP .icJlC^b ikiLpta L^iS^ (Lq-l^aus d_j3- ^Lwibl 

£jlS JlPsJ djS dlp-ljo SLpJI i)ljO ^l^-o g -0 ^5-J_ai cLLp J 3 I jS_<iJ 3JwJ .d_JiJl 
Cob^JLJI d_t_MtO ^ 3 j^ Lt^ LjL^Jj CobSj^ i£lLtj& .Jl^cJI ^^j.u-tJ |yXj& 13 SJ 


camphipathic j-ojJl Cj^Lolo (^1 (OLSj-tl olci .cUl 3 ^Lzi^uj LoJJ^ 
cU-U ii2o^3 ^ (frU-U i^) hydrophilic cUl iaJl 

3 OUjyi^l olfii Lojj^ (pU-U hydrophobic 

^J| ftU-U 4ji>jl5LIl L^bL^ .i>3iyo dJLcb 3 LoULb L^^tcoj c-Jjj L^ts ^Ul 

JlI^- c-UjI ^JI s-UU ay^dsl L^bL^ tcUsl 3 -® idUdl d_dp-ljJl dJl_JaJl 

.bz-o d_cP-jLpJl3 d_dp-ljJl ^la_ai^l 

l^ySi £ 03 JjJl 3 j^jJijJl ^diiz-o Cjb^SUj (^y 2>3 (fatty acids ijjJijJI ji^U-i?-^! 

^<^U-U <ixpw3 L^^So d_ooi*j?Jl L^bL^ ^5-tulj ■j-o3^1 iblilA 
(CH3-CH2-) ob^jjS^jjL*^! 3-0 L^3-)3 335^3 tCOOH 3 I (dLL-^uS^jSJl 
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OLSj-0 ^j-o ^sJisz-o d-cJlC-l (j^Sllj .c-UJJ 4 ji>jlS 
JSLJ^ ‘lMLj j-oj-Il ibLoi^s ,^3 /"^^phospholipids 010^5^-4*^! 

Iszjals^ j-o David Deamer j^:) jlS^ -^Ul j-o jLSii^ juJLi 

i3 -SLpJI (L-Jicl J3I j^S/J (iiSLoJsl iailji i3 Ijolj j 3 j 5 ^ lijLui i3 Ldj^i-JlS 
■ 01 Ju-cJ3.q-*u-q.L! ij^SLtl oUr^yi^l Jlp-I 4jLp- j-o 

cOl05^ -i>Ls-d iLfiiJuo CdlS J^LoiIl ^jJij ojjJiLioo jt 
C-cptx-ol Lajj^ (^^13 cidLiic- (^jJj LjLilj ^^jjj Oj 15 

‘^ (^ ‘ ‘ ‘'‘‘ i,_ 7 '*-dl 0 ^ 3 >o^l lLILp 

■ J^^-Mw-tJI ( 31 '*-'^-*^-^ ) d^lAxll d,pcxxj d^-Mi-tj IjM^tcJI 



cLmP J.^t.'J ^U 4^ ij C)L>5j4l i>a^ :(12 ) J.^.mJI 

^ 4li«4l ^jl^l .b33JI «^JJ JjiL^ OL&JaJI 

. 4 JUI iJI 4.>.9btl l^55J (cUI 1 JI 3 JI cLm^I J^-b J| 

OLSj-o ^331^0 (LSj^l jt OLbLoUjJI i3 

LoAJ^ IjM^cJI d.t-uo S^^j3JLu.uo 4^Lmc& jS^Ltj& j-t^-(2o3 c^-<o-pc^l 

dLujdL (jjlJI 0 Jl(1s dj-o jt 3JuJ iiiJjS3 .cUjl 1^ ijlssLtwJ 
U5 cl(^Q*Q>^ J-Lc- .Lss-Js ^ lS dxJCt 3j3-«aj OJlpsj 

i)3j^l (^7^1 J3i?cl3 £^h-o tSjvi-o i)Juo dSjj *^13^ JuX- CjJlc^ djl jt 

3Jb US c{Sj^^ ^Lo| Jl 1£- dUi Jls2j .cLui?Jl jSjo 2JaJb3 cOLiJ^ 

CjLqJoJI OIS i3 [Sj^^ oLJjl Jj>Jd LoAIc- JLpJI 


• i) J3^ucfl.l I OLoJStJJI (^) 
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(3 ojLtb (jjLjzj .L^ii^ljo jSj-o cLui> Cj\^ ^J^ 

LjsIjlc^I CiUixsl lej .protocells ^3^11 LMiJl ^1 j^:) 

j^oj ^jSo ^ 4-oU^ 8 ;u-o L^l .5 Lj?J 1 J-^SLio ^J.£• SjjJLIl 

8 jLp CjjIS Jj cCjLSj^^^ 3Lj?JI ^ 3 ^ .J_ooLaiII 

.«d.A_L> cOLL)^^^ ^IJoj ^js■ 

Lssjj CjLj^IcUsI i^Js- JiLipJl j^I J.5sj3j d_JLiJl dJlC- jl Jj ^ 

ijlsi^l jvsLjJI j 2 issj J^i^Jj ^.o-uj djl i^l (JlQJjs duJu j^So jl L-j^ 
jls ijCujLiIsI jCLo-^I ijoLiij .Ljj^**iJl 3 )-® 2^-03 *^ 13 ^ 5 ! (j^ 

(permeases «C)l 3 L-ojJI» ^■Llaj ^^1 C)Iij3jJ1j djs^j-o Sj^abJsI 

.oL) Jl^I (j-o J5J i.^g.Ljyijs 303^ (Jl ic'-li?' eibji! Lo^-o^ .JlQJjs J-cui 

4 a 5 oOLI j3 jJ 3 )-® 4 jUi 1 J 30 Jli'-jj Jl i^L?- eibji) . 5 ^)L^‘g -03 iojko 4 -o^ 1^1 


.^^Lo y?6 (Jx- JlqJjs d_i_3 d-LsacJ dj_L?Jl pLix- J £^lixj (d-j^^JLIl 
(djjLojJl <ijJu j-o l^jl CcjIb J d-LuLuJl djjjijjJI jitsp-^l 

j^So L^j 0^3 £^Jj?Jl djiiUJ Oj^JaltsI LjIJu-a^eJl ^JLo j-® cjjtCHj ^ l^I j\b- 
Jlc^L 3I L-J?J (BLcJl J-ol CjLjIsIiIsI JS^ U 5 ^ Jjsj .J3-®^^ 4 - 3 l 5 

.(JH )1 d-QjJiyi Jl - 4 j 1^1 J - (^JaJl i 3 - 5 j 3 BjjLJsl ^Loj ^^^**{^11 cL^^H 


The RNA World UjJI 

SjuiLsJI J-oSj (SLjsJI J-ol J^-aijJj 3)-® *^^3^ J-tl C)^<A‘g-U l-Jb J 

LijJl UjJI J oLo^lsz-tl jl J^^ i^^l ij**.^.^ljAI ijjJj-tl 

.UjJI eUi J L^ (d-JijJ JIJl^I J-J-oJiII dJa^l ixail^lj (^^1 C)Ll*J 3 jJ 1 Jl 


j^3 .LjjJI Jl j^3j^l j-0 j-uSjzJj ^3 Jj>l3 cL^l J ijlj^l OLo^lsJsl 
ijUl SLjpJI L_3jLb3 j-*-®-;?' (LlLSJ ^Lai^l IjlJjI IjjJs ^ 

J-ojz3 C>LlJ 3 jJ 13 £C)LlJ3jJ 1 J-o-fr jlLjiiI iSJ3j^ :2sjli-o 

ft *19 

(jj^^l Jl jl U-fiiJj>^ j^-c ^ .LjjJI i)j3j^ (C)Urjj|) Sj.a£?!j3 J-ol^ 
^15 jl jl frj-oJJ j^-C -j-i^^l JuoJiszj £3 JwJ Lo (U-^Lo JS 
.4 jLsJJ Ijjz-JLtu-o 3Jwj Lo 3 j 2>3 £Jj?-l3 C*53 J Ij-^ ^ ^ ^ l3jJl3 ju3j^l j-® 
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cUj^AII 

\jjt ;J .^3! 3! IjjJI (j*wJ3 (UjJl j! ibja ^ 

4jLiJj .jApttl J-ol5J)3 OLo3l5^,) Jj3ta 33^ UjJ) (^^3^ j! ^j-o jl5 3 JjLl»-uJ) 
g-0 C)li^3iJl3 jSLuJl C)l£-3.oj^ ^j-o ■iu3jl£>- iLu-Lui 3Jb3 tljjJI g-o b3jJj UjJI 

OJLPliiJl dlliljLoI ^j-o ^Ju3 4 jjjJ>3:^ dlbjis gjJaJb .4^1j ^133^ JlC-133 

J| cJj_uf)j3J ij33ll) SJlpUJ) UjJ) ^3l£>5J cUjJ) U5 ju^*3 i>33ll) 

jSwtuS 33-jJJ ^ 3 .u 53 jJJ) q -^ ^^3 cjua-jJ) ;3 ^^3^3^^ (“CH3) iff'3jaj^ 

^Jl> iJLb gLl^) UjJ) J^3J Lo S^U- .J30jj) UjJ) ^3150 c^j-SAl) (5^3^ 3 

.IjjJl j-o IjLu JJ! UjJl jl (UjJJ ^3‘i3-tl i3liaJI ^3-o 

i3 ^>^3 J-52JU 3^3 .iolj3Jl C)Lo3L5Jsl jjjio UjJl jl 

I L^.x.miJI I 33~^ (wXX^ 

OLo3lxj^l JoJlsJI i_ 3 JLij cliiJS isLo^b3 -13^33^1 bjJl 3^ bjJl j-o 
(HIV) i)if-LUjl jraijj ja' 33'^ liUS J.<a.*u-)3 .bjJI b j><a£>- d_cai33LQJl 

^3lx^ (31 3\i41 (3-®3 0*’3J^3 ^3^^^ 

oJjis .C)Lo3^3;3335Jb 430 ^ OLftliaS ioL^ i 3 ^w^Jjo l 3 J 3 laj^l (j*' 33 ;^ i 3 ^ 3 -^^ 

bMi^ dj^3j Jj tL^iw-Llj jjlS^l C)Lj15 Cx*u-x! cgJaJb £C)Lai3jr^l 

S^JlrIJsI CjU-xLrIII d-oliJl C)Lo3Ls 2-L1 jiJ .3315^1 4 xLo^ JlxQ_jJ 

.b3Jl 033-0 i3 03^3 3-^-^ OLai33\AJl OAjSi L^LoOiJ (^^1 
3)30^1 J-fii ■b3JJ i)3xlJl3 03LaoJI Ol3AiJI iILu-0 IJjJi ^3^ 

LIj cOA^^Jsl 4 Uj cLj £1967 ^bJl i33 £j-o^2o 30ij ^3033^ i)3iiJl 
^jxccuJljAI Cbl53 .ij-cOoij 01333 L^ 03^ 33 bjJl OLbji^ j<a52J (jb 333 J3I5 

.ibU-o C)b33J J-033t ^J3-*-I3 ^3^^ 

£1981 pbJl i 3 ^ 3 ! £LoLft jOft 452J3t Jlszj L^33| J-o^l d3^-€' bjJl jt C)Lj| cL^ 

(jt 33 J 3 J i 3 33 l 33 J 3 S^ d.52,ob?- Thomas Cech liixJxj jjx(Lo 3 J 3 -^i 3 t LoAIp 
cLil^l <ixftb3 iail33 JJS- .i)3iiJl O^lf-Lolll JjzJlJb J-iotj b3Jl 

03i^^' Ur*-^) 0 -® jl ^3 cprotozoan 4 JI 3 JI Tetrahymena 

.diSL^ ^jJI JL.jil b 3 Jl 03 ^ Ji^Loj iL^l 3 J j-o Cxsikisl J3 (intron 

^3! £^33xo- JlpLu-o J-obzS Jbxij-tl b 3 Jl 
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(Sidney Altman jU:dl (1983 pLsJl ^ dJS Jls^j 

(IjjJl-jjU^jJl lw*Sj-0 |3 ijj-Il jl ^ 0 **-*-> j^J5^ g-® J-O-SSJ C-dlS 

disLiu 5 j 2> ((RNase P ^ jIjj-I 1) ribonuclease P (j_ 3l^5^3^jJl 

.Uryjj d_Lo^ UjJl 911^ Lajl dlJi jl5 <icC-bj ilLuijJl .jLipJl 

9 

.ribozymes ^1 CjUji^l oliji ^Js:■ 

^j-o j^t LJLp- I .1989 ^LszJJ cL-cu^JJ BjjLp- i3 oU^t^ tiLAj eJjLiJ 
bjU SjuSLil <L^jJi}\ L^IaJ ^ 3-o3 c4Aixi>to CjLg'j^.uj 

l(^Av) |jbUj?-91 ia-)j 5^3 (SLpJI i 3 oMf-LoiIl Jlp-I jApo 

.C)Ll*J 3 jJ 1 joszj 

(jl (djjbjJl OLai 3 jaAU aSjjjJjl jiajUapJI kw*jL> (OlsLtco^l C^lJi 
^yjypu L)>aJ 1 b)! 

(jl djSLg' «jdjjJl (jlo3 (djlj^l OLUal^ U-o cdSJj aixuwj jSb6‘3 OLo^lsJjl 
j-o 3JwJ -ijljk^l CiLUal^ ^ j-®3 tdj^-cpJl 

Cibjk^l j-o ftbil^b bjJl jl (^qIoiU 

SLpJI Jl^-iil j-o (J^-tiJl Ijjis ji;3 jl^ (ioljo d_cp- d-di^ d-i^-g' i)j3j^^l 

^;dSo (Jsl Oj 15 bjJl C)blSLo9 d-ox-ldJl asj^l jl J 3 I jl5^ L^j 

j^JjzJsl djllS^ |3 1967 ^bzJI i3 ^IjrvS^l Id^ 333 JjlS^ £033]! dU 3 i3 

The Genetic Code: The >x52iU a^yi^l ,j«_*«yi :^lj3Jl 3jiJJl» 

:)Ai^ (ji>j^ dJb>9Jl 0131^1 lS 3 -Molecular Basis for Genetic Expression 

.ibU-o C>Lla£>-M-o j-)jd>-91 ftU-bdl j-o 

^ ^ ft .3 » 

Ojd-*-c ji^l3 jdJ cd-tptp-91 <^lj^l ^oiiss-o Gjclc (1986 ^bdl (3 
ojlSjj^ 1980 ^bdJ cLo^l 3 JJ33 Sjjb^ ^jLioo jjLil! (Walter Gilbert 
«jdxlJ» dJL^ 3 8 Jlp-I 3 (jjo d-dpo d3j3 (bjJI d.L((«.L((d djJi:^ aijjJp 

jlS^^I ijjufc jJ .The RNA World «bjJI ^Lc» jl3i5^ Nature 
j^JalJ! jjo tj3^l dJLp-j-tsI Cjj-oJLa(l» JI 33 .^3:^3JI iolju d-jLp- J34^ d-JiS 
cLu^ jjo L^.««_Qj g-t-o-pcll ioj9JI SjLopd! dJa-(ij^l bjJI Cjbjy^^ (J-SSJU 

. C-) I teLO^-dS^3'4-iJ I 
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oLpJI jLJsl iia.^3 CjjLipL UjJl jl jSJ-LI j-o 

.4iBljJl Sjis-«aJl iJ^JLsz-o ^J| juS jS_<io iJLpJl 

last dfjruioo 3I SLpJI J-ot ObjJalll (jLs liiii ^^3 

^ (LUCA IS3J ^L) bl^t U^) universal common ancestor 
^Lp ilL?- |3 .“iLLai^l ^j-0 Joj-o ^J| ^Lo^l (Jl JS :eJ;ruiU)l ^i-aiL^I ILfii 

51jjJl cLp- (jjl (j-0 :^j2i lJ1J_mJ 1 (jLs IjjJl 
bjJJ d_^Ly^! CjLlJLI! L^JiSLI^ 4 jLe>-| dlLijjs 

5 I t(U) J^!j 5 J! ^ 4^553 6 J^l 3 rribonucleotides Cj!j^ 5 JS 5 ^ 3 ^jJ 1 j 
dinoj^ ‘(G) (ju!^^! 3I ((A) ,ju_).i^! 3I ((C) 
i)ljuJl .>11^71 .OLo-ut^ ip'^-o.pE-5' 

j-^I 2006 ^LsJl J .CjI ljJu«a-o UjJl (J-p SjucCiszJsl 
051^3 cBeatrice Gerland cMatthew Powner ji^L 

J^!j5J!) JsSI! (J-p Cj!j^5JiS5^! jl John Sutherland jJjjSLu 
<woU (jl ((j^^ ^^ 3^ 

.tiJLijjs SjoLwJ! (JJi (J J3 (J-p 

C-oU ‘iszjjjl! Cj! jl jja 

L^j 3 ibjJI CjLIjj^ j-0 ip^-oj^ jl ijS^ (J 5^31^3^ 


.I(^4<^qi (J-P Sj^ls L^-Co 5 jle>-13 C-uU 
[sLa OlJLJ3d53J3^jJl j| .OM^-(it-o eJLCfii C-*j 15 i^j^l Cj-o (j^3 

(jAc»w3 j3Ji j-0 (^1) i)3.ccdl-L33jJaJI (Jib J UjJl j-o OLSjjj^ (3j-oLJI) 


AxJ3dS3*^3^^^ ^1 -) b (JJ^sTicto b^Jl j^ I ^ Ac d_cLo^ 

tOlJLJ 3 j 53 jJl j-Ap bjJl (jditll SJwj> 3J1 djszSljJl 83^! OjU .dj 433SU3I 

^iJaJJ 833 d^3J jl djl d^ololx^ jAl 3Jwj JJl^ blJ-o jLi ^ jl 5 (5jil3 

Ob3SUsl3 ^UaJJ ^^33!! jJuiaiil 1 Lfli (jLo -bjJl ^Lp- d_cp-3l] jlj-oJLwjb SJ3I37-0 

Jl cdJBljJl dSjJl Lo Jl jiajJl Jl ^Li£?ij cSLpJI (J-AAiI ioj^l 

oLisl idUil ijjlj^l C)Lfii3iJI j-o iw)j^b cllBi ij-^b 1 5^3-® 

■ Jn*j?d}l ^l3 J JLoo-AJi cLui?Jl3 d_Lp-LuJl 
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?is*s>s4l pis j 6L4 s>JI CiLio Ja 
** ♦♦ ** 

Did Life Originate at the Bottom of the Ocean? 

^ ioUsl Jlrj j-o ^JlsJ 

C)Lb 5 Ajl cilfii j^ 5 J .31^1 j 5 So jSl L) 1 j^ LjIS^ white smokers 
i3 ^jhJl SjL^-«aJl L^llSLili (^^13 cJa-cj^uJJ JMlJl 

iLiJutb) LiLp-t L^-t-Lc- i^-LLa-j .a^-LiII 13 Sjlp-^I ^Lo-iiaJI 

Q^Ss- .LiL)L!p 18 L^Lfljjl J-«aj oU^jS j-o Sjuo^I jJ^ 

5ptj Jlszj Js> C)Lb5AJl cIfii gij t JlI^^ j^5j ,^1 tblack smokers 

^jS' disz-J-tl oLfii^AII cJjJi di^LiIl iljLwJl CjLLAiII ^_q .^L-o 18 

1^1 90 ^J| 40 '^3^ Lt^ ^j 3 -ly^,l 

.L^j SLpJI j-0-0 ^>0 3=^ 2^ ^3^3 

ioljj ^3^ ^JkSl jt 3is jl 5 L^j tjjJl tSLpJl CjLIjlJ UlSLo 1335^ frlj3 

3^ (3^113 .Sjljj?tU d_cP- OLljlS djaJas-o (3 3 -' 0 - 3 alJ SLpJI 3-® 33-^^ 

jj'j^3jJl*3II j-® OL-o 5 JaiJj C^<-p- ciljipto OLlu C)lji>^ 3 JI 6jji> jl 

jJ_oo CJ^3 dJ_tJl ^3 3^3 033^^ Jl^_ai^l 3-®3 

.SLptJJ d-^Loi^l oLlJJI bj 3 j^ 1533^3 
William jJ 3 Lo fU 33 John Allen 3 JI 03^3 Nick Lane jJ j53 
oLb^aJl j-o iw)jJiJL jl5 SLpJI J-ol jt oLj^ ^33 l^p-jis Martin 
v_Q^}7Ix^ isLp- ^^Js- [ 3^33 j 33 .frk^uJl jj^-ljutil L^cLc- ioUjl ^>j\jsd\ 

3-^3 SjJ^tl OMf-LolIl ^LJaJJ bjj jjL^io Ja-cpJsl 

C 

OLb^iJl ^ 3 ji> j^ ^^JJj cfrJj [^h .i533j^ ‘lib SLpJI J-oI J^£>- OL«bj^l 

jbCLIJ3 jMc-Loij U-^t i»_ 93 jJ 2 -o jLSys Uji>3 cj^jSLll Ju-tu 5 l ijlj3 j^j^ 333 -c 3 ll 
£C>b33j^ L^33 Juo JJ3 ck^wJl j^-ljutl jt lilJS j-o 3ai^l3 .<Luhj\ ^Lb 

C)b?tIilJl j-o cUsl 333JL) . 4 - 03 oj?J 1 3t C)b33jJl j* 5 j 3 1^ Lii^LLo ^^t 

Lo Jlp- ^JI JiLOj-o 1 jjb 3JuJ J 3 .^Lis L3t3£> Ja-^pJsl ^Lco j^ i 3 

^t lS Peter Mitchell j^bt U5 cdLIjS" ,j«J djSJ ^LbJb 

. jjj-CLsJl jjiiil |3 4j3P- iJL<u 5 £>j^ 
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SjrCS JlLo 4lL-oj3 J-^icLoo ^i-oj O 

JI53J55 lS Glynn House jJi^ jb Jennifer Moyle JJ3-0 

U-^Lox- ^j-o .CjLpijMJ Ijl^ 52^3 LbjLxf-L) Cornwall 
<Luhj\ ^Lb <jlS Jj ^3 J. auJLoo 

OL^^jJAI ^LbJI JS Xalszj <JlS Ij^bl U-^l .^.cpt-o (J^aSozJI^ 

«(jLocu5Jl ^-oLlJl 4l.o«bj3 t3-Lbt 3I 

^LbJl J^Lj OlA^ 5;^ ij*'*-^* j'^ ^ .chemiosmotic theory 

i3 4IjojJsL 4J3» cLocuiJl i3 J-J5^ ^3^^^ 1978 ^LsJl i33 


.«d_cp-^^^l ^LbJl Jlilil 

JL^l d_Lox- ATP CjLq_wj^ 3JI i 3 ^ jA_ai^JjJ59l3 LlAsIj 
‘ iooj^l C)9 ^LqiI1 ^ 3_^L-o (itiJjJsl oLSj-tl 3 I 5 ^ £<iooj91 ^LbJJ 

JlJ^ lJI^_^1 ^-*-0-^^ (jLs lihi ^j-o jj*<5ozJl t^Js^S -^LbJl flssBi (J| ^ll£?ij 
LlI^Lj jJLI .(jL^ (djjlsl Jlp-I 3 !) ATP J1 ^h3| ^J^ io«aj91 ^LbJl 
jfuj ^>31 ^LbJJ jJ^Jjl ^ ( 3 ) 5^1 j-u-illll jl djLii?- Lajl 

.A.TP _ll I ^^ 3 ^ 0 ^ ^ ^ ‘^3 ''bI■ ^ 3 ! d_i_Q.AS^ J-u!i-t_oo 

tlx9 9 ‘tc>- 3 J ij 3 jj>Jl cL-cuSJl cU-Lp C-cJI (jj3Jl J 3 I 50 

d_cAp91 ^33 35 ^^ d-Jljj b^lpJl d_cApl ij OMpLoj JMp- 3-® OJlpu jl 


v_QA 3^3 .i)j3JalIl dusf’ll}] 3-® tbjJj353l«.c.U d-J^-ljJl 

6 jji) i^Js- bjulali Lpt^ ('3-^^ cLa_iSJl cUIp gil joszj CjJlpu 

JUJ 3 J J 2 _ufl 3 lj 4j3Sbo JyssJ il3b?W3 ;3 (ibiAlI l3SAji3 td_t_ufLu91 iokaj^I ilLuJsI 
toxidative phosphorylation £^*3^111 i^j^b qs> ATP Jl 


0333 J fibL-gJl (3:>j-^ -ATP Jl ADP Jl hyLujjs] 6A^*A91 ^1j3>c1^1 3 I 
oxphos ^^^j..mAU 1 6^^j2.m«jJ 1 ^ J3A)b^Jl .^a.£ 4 AU 1 d^^.£LmajJ 1 


JLSLoJ jAls jAl L_ibJI i3j-b (Jj £^&.^i«A3m, L33_^5j5l ^i_uj91 3^3 £wars 

.Jlp-I ^ptlj (t £djjL«AUl SjJUwjJJ JaJjJl 5 I 3 JI (J 3 Sbo I 3 J- 0 JJ 9 ixAp -91 


£L^j : 6 JuJl:^ dJjjiaj iIL«_tsl fiJjJi tj J-tiJLoo j?u_) jS 3 1961 ^LsJl tj ^ 
£dJjjip i^b (3j-^ l^i ^oJLJl cLtjgJI 3JJi JaJlJl j>a-LsJl jA UA 


256 













6_pjujJI uUliJ 


djjJ jl5 .4 j Jl-coSIiI! Sjji-twJiJ! iwiis^n^wJ cL^AlaJ i^Juo ^3-^ 

^llaJl jl tj liLtu jlS jJjJ :U-J-u* cLtjg-ll Jiaj jl d.^3 

tj •fiLt.-gJI c.\sS\ ti proton gradient C)Lj 533 jJ 1 ^3 jJuo 5^ 

^_yAl3o_t4*3 ftLt>^l C-ooJaj?- cdJjalSJl ^liaJl OU^^jdl 

^LLaJJ ljJu«a-o J-o^ 0^13 cisz^j-o dj^L?- (3 ^^^^1 cLtl d.,(_tt*j dij .^3jddsl 
5 jj3 L^AsjJ s-UjI cioLo dlsKS' dJa_w!^) (jSLg' 

.CjLj^3j^ SaAjLo j^ bMid! d-(_.*til Jj 

(j| dj^^£. c-Lt-jj ijSi^ >^jlS3 

5ATP J! Jj^j J! djj^Lil! ilUJ! 

4jI d.i5d td-oiL^l ^jjSLqJI djj_i^ 1^1 J_*tJLoo j5o ,4 

CjU^I) C)Ij^ 3 jJI gsdj tol^I tidljo dj_Lp- ^^\Jis■ j 1 j.*jLuj 1 g-o 

^jLp- Lq |3 tSI^jJl CjLoIJj ilLp- tdj_LpJI Lo| tLiiij^ ^jLpJI (JI (o;^3jd-t^I 
3^3 til-olSdl ^liaJJ ljJu«a-o tL^-^jJuO IjJb bjJJ^^ldsl 

i^Lszj jl ^ jl jUj5^ -djlpJl Jj C)U^3 jJ1 djzsli 

jJ^ jUi L^la£ cbjl^ i-oLp- oLlJ^jj ^j d_tlc>Jl 

.dj_L?JJ cLtsl d_L^ iolpJl oLu^jJl (^jLib .ATP Jl 

^Jj cIa»<Jx 9 j^-^3 jJoLeiO ja_maAj jj^B 

(^jLexJI ^juos^ ju j-0 dil (jLcJl JJlLoo ^Ijr^l C-*-i3l c^js^ 

ijSJto io-utL?-^ ^jj4) LijjLiC'L) tjjlj tj l^iLa SJloI^ j-?y d.oX'ljJI 

cL^iUJl d-Jlt'! J-«a33 cLjCC^-Jl t3-)j-^ d_<_^J> j^i£>-LJl ^cJLszj jJJ .ijo\J> 
membrane CjM.oj^£>- ^^_ya-*wj jSJiJI j-ozj 

5^jLE?tA CjLSjx 2^ cLttjgJI J-JLtJ j^-cJsl j-o jL «3 .vesicles 

^!jlc>c 1*«L) djjuSJJ! siLA^I Cj^iL«aj^£>- C.^-'g-iL*^ IS| dil I^J^^ .L^JL?-ljo 
tTa«'?Jil JjLJI Jl j2a-o^ ^_Q« AI3 £|Ji>-ljJl j-0 CjLo-ut^iJI^ ADP Jl 
^3jJuo JLb £(^_JLLo ^liaj J £ljfc^j4)3 .dJLaj^i^Jl j3-ljo ATP Jl J^SJ-i-maS 
iJ^Jo Jo-leJsI JjLaJI J j^a-o.E>- ^Loj t3Jji3 j-C- gJa-«aJsl CjLj^^jJI 
(jCLmJI 33,j~^ .jjoLwJl j_ttc.LAj0 d.pt*o JJ'^ 3^-9 iATP Jl 
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cbjsi^\ 

a 

.holl frLt--g-n OLlJ^jJ cOlj^SU,! J-^L^ Oi?5.«aj! 

(^jJ!^ cl^jLCPta ^.JLciJ! CjIj^3jaJ! s-LjI ATP _I! 

(3 3J2i3 cL^j^ SUepeU \Sj3j^ .ATPa.se jLj^l 

JjJlE?c1J us cdj^lil! SLc^J! tjUaf-I 2-00.0 iJlSUi^l 

.Lajjjo ^3-0 

J.£ll d^lj^oLuil ^jS-o-*3 cii^lcJI ^liaJl SjLptll i^Luit j-ol iJLoo-SJl 

31^1 ioljo d_oliJI U-0 £i3l3.«j^l lilj^^oll frUto-gJI yS- CjLJl^I 

^ j^^jAoiotJ 1 JIS-M) 1 ^3-o JS-tw i3L) ^ U^I I ^ ^ ^ ^ ^ LotuJ 1 ^3-o 

cLil^L ixJj-tl jLo^l ij-*j-^ O^ OjJ^ 0^3 (J1 

jLo^ j'uOOtlll ^3^^^ {j^ 4 I 52 J -0 ^jjl ATP _I 1 ^ 3^1 " ^^55^2-0 Sj3«2J 

.d_oLoJI j-0 ^3 jAJI ^Jx• 



£4j3<iusJI OljJi.^1 ya OijS Jljj .JLoi^l jf^ ^.j*^ Kl^) 

.OU3 jS^VI J^ ^LmJLmJ OU 3jS^yi tjj) ^53; li'iJIi tNADH NAD JaWI 

U 5 JJ 1.0 I. 6 >.o £-iaA9btl Japw^JI J| (+H) OU^jjjJI i^Li iaLuAmJ\ OUjjf^VI (JSJmS 1 . 6 ^ 

.cL^ 65^1 ijU^umS^VI 2^ OUjjf^VI ^5J ij .cLm^I yA 1.03)5^ 

•ia.JAI ATPase jLsVI yt 4J3JI J| tU«J 

yi OLA.M13AJI5 ADP Jl ^ ATP Jl iJI U'O £cLm^Ij 
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^ c i. 

j-o OIJo SLpJI jb 0^)3 ^1 

{JS' ^1^1 i3 oUicpJsl 

b^^l (jl (J| l^jLuil jJi] .i^^lcJl (JLocuSjI ^-oLiIl ^Lol (JLs^^l U-o £iiJbj2> 
cbiij^ J^b*! i3^Jo g-0 ciijIjjpJl j-o LjjJiJb (b_*Lp^b Lbb?w 3 

IjJuiio ljd2i j^3-> ^ibis d_u2LxiJ?JI ^L-o Lj^3jj b?-3jJuo U-o 

tbMi^ Jl liUi J^3 -bj-Il iojMJl ^UaJJ ljr^3 

.L^^jJs i3 BLffJl C^qIIo^Ij 

tw*5l5SJl Js> ^j^iJsl (Michael Russell J^j J^bLo jl 5 

J Planetary Chemistry and Astrobiology Group iidiJI l^3J5^l3 
IJ03-0 £L:j:)L.b J Jet Propulsion Laboratory oLidl gSJJl 

.ioLti ijjij^i j cjIjo sLpJi jb ibiiui i)jJaiU j-) 5 i 3 j-oj Llo 

4 ^ cLui?- jl ^j^jbi3 jdl^ jJ d_J| U-o JlszjI Jj ^w-JbJo 

j^jSJl Jw_tu 51 Jb^ jlUsl J^Loij .Obji^AJl c>jji> J LiJ J 3 aisljJl 
^jrCsl^ .d_J_oo^l jJl«xo 3Ji>3 J_£^_(ijJ eJLljJi j^3J^J^-*-^l3 

.d_j_oo^l j-o ij^SLo J3^1 j^Sb jl 


^juj^ oLpJI OIju Jj^ 
Did Life Begin Twice? 

^jL> jjbccdl j-o LLlsz-o 1jJ3 SLpJI OblJa ij_^ i>jiaj jl ^-dli’r) 

^jL*£aJl IJuSs (J SjljLpJb j^^CLoJO jjjJl (j^ 1 j-o J-Jls dJLjb^ 

isz-oL^j ioJL^l CjLoIjjJ! Jl^52-o j -0 Freeman Dyson j^^b jU jB Jlo 
.Princeton University’s Institute for Advanced Studies jjUu-bjj 
J^-ol iwjIiS^ ^LsdJ (j?Jl jlS L^j cj^-wxjb 

aJiS" (J LiJsliJI (jdl jjjb 0|_p<bL?uo Jl bLcc^jl Origins of Life 31^1 
d-oldicuol jlS .1985 ^Lsdl J J Trinity College (j^j3 

^t-**-LlIl jl ^jrCsl JlqJ :b^-£a5-o d_)ll5 jljLC- J ^-o.i?Jl d_R-(->£aj «j^-ol» diaAJJ 
jbjL^sz-o jliiJi^ U-ib JUl^I J-^lccdl^ (jjlSbJl (J^) replication 
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Ls^JoO bis (jl U'.^Lo ^JS j\m3 C-<-<.E0 U-^JLoS (jS-g" (jSJ^ 

bJUJii?"! 'wJjSbJl 3 JjLL(_«xJ 1 tjl ^jrCsl^ .[szji Ijj^iaj U-^I (j-o j^I Ljs^jA^ Oj^iaj 
L>bli> tj J-»<ai-Lo 3i?tL> jLLuLpJI jljLb IJlU jl ^jJs SLpJI 4j1JlJ 

J^-oI Jut-Ojzj i^Js^ iwJlxlll ijS^ dij JI33 .Lii>bJ C-*.:^JJl iJLaAla 

Oj-xa^l SLa?" : hi 44« >1 JlSL.i'l ^3 o^j-® SLpJ) Oj^Jaj jl cSLpJ) 

!.ijLff- ^IjfCsb^l .jjISjJ! d-ti-iS C-ccJLszj ctJljL^l J-JLoiJl 

IwjIiSJ! jblszi^ d^jS^ ^3^a-Lo3 O-^ bUis 


.6!^£?!lQj ^ Sdlj^l 


[^mMJ iSjJI (J JSLfI 
All in the Same Pond 

S^Jap- ^JojusS d.52^Lp- i 3 ^JbLoj^ Job^jbLui 03 ^ JlpsjI 2015 ^LsJI 13 

41oljlo hjyoj SLptU «lL 2 iIptiil d^ 33 ^ <LJlSJ jy«_aj ^1 3 P 0 

£(jLic^l ^L£^bH 3 :^blill ^L-uiLuibU dj^SUsl L^icJaibl iojbUl CiU^SUjb 

cLp-bH Lo ^Lp 3 d^l 3 (jLocuS ^LiajJ ^ji~G L_i*S l 3 ^^^ 1 bt jJLl .(JIJl^I J_jjcuJl 3 
C )1 j -0 jLjl liUb 3 c^bllll d.*ii3bU iJ 3 b^l ^sJa^z-o jl 

ioJ^ptLcu-tl jjfl^loobll ji^Ujp-bll 3-0 123 cfL-^itPbU ^_Q 14.3 tbjJl g-*-^ ioj^l 
((HCN) 3 ^ 3 jJw^I JwjL-oi 3-0 Lsz-ooj^ L^lijj 3 ^ l3i5Lff jJLI .C)LU 3 jJ 1 3 

.SLpJI JJ 3 L^j djl 33 -J^ JLp 3 j 2>3 
.LJ 3 ititl 3 u>3jJ-l^ 1 J-oL-uf jJuO -0 3 ^ JlJ-uJl Jj IjJb tJlpJl 4vwl-}> 
3bS^SJl 3ldjb jlS - 31 -^ 1 ^ 3Sl-0-i^l L^-ib “ 3l-^^l S t3bS^SJl ■ ^^^3 

cjA-JlpJl U -^.*^30 ^J| blpljl LoJJP .j.u- 0 -ttJI 3-® bjj3 ; 3 i^ U-*3 3b3^ 3 !^^^-®^! 

Jbip- diMj C)ljLJ-o 3.8 ^ptj J-*3 d_£i^l jbjblb C-coJojjl CjLSL)^ U-^iP CJ-koijl 

fr i. 

ojjb 31 .Late Heavy Bombardment ji-Litl J.^itll 5j^ 

3-0 3^3j^^l Lb3^^^ ixSS lJp^.s-33 Sjljj»- CjLp-j^ ^4^3 S-U-LmaJI OLoliajjbll 
jS t-U 3'^! j^3J^^^*4^1 JubL_u» (Jl dljLlIl 3-0 j3-Jj^l3 33?^1 L3bi^I 
.dJiljJI 3-^3 jI'^ i3b 3 3^ JobljiLui ^l^-**i| 3] 
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dLft Jlu (J» 

“In the Beginning” Remains Just There 

•• ft ft ^ 

j-aSo jJX jt 

jy:>\ ^iTszJI jL) gSJo jt J^ibz-o Lu^_6' £d_LitlJ3l 4isljJl 4lSjj 

ft ^ 

^jLLcui dJLuSj .SLj?J 1 J-ot jx-oLaj jjJm i 3 LojJL) 

j-o ilit dj C-uaSlJi 3-t (^7^3 d.*ai?tAj d_j£. 

US .dl£?t-0 J_Ji (J| jSssl) jt j-03 |J)Ul U 


i-qS .^Ul (jjU L;S-€' ^ Jacques Loeb eJL^ 

^ .IjjjSi^:^ (lift jJlSZIJ jlj_a) ^ ,U; *fotL) jSj^l SLpJI CJj.^ 

.^Lol CjJlp- Lo IJji) jt oLj^ ibjjJs eJbjji j^So jis cjC^iUsl 13 SLp- 3^ U^jt 

.aiBljJl Sjvi-iiaJI ^-S^jisz-g' i3-LsCL) U -*3 JjLiSi ^jJij Jj^t jSJ^ 

j^r?- (ijjjj j^y?iJa_ai JS_(io L^l ^ 3 JJaI 3 ^ tCiLo^lsz-Ll j-0 jSl eJLijij 
£^3JJ?-t jSLot j-o cJ-03 ^-qS^ £cLc*-^1 Lo ^b 3 SLcpJI CjU^SUi d_b_S 
iLoJ^£?4)l iLsz-cJaJl c'<Li^jS oLSjj^ jj^SjJ Lsz-o C^U/ijI Lfi'j ^-qS3 

UjlC-Luj ^ SLcpJI jt O^Laill Olj-£ipt-oS cJ-ox- 

LiIjLo .LiLp-^ CjJlp- Us j-oiSLo d_cS jic cSLpJl Otjo <JlS 
^^^103 OJlp- djt jSwoJsl j-o v-QS j\^ J_c*a.alj LuSJ cSLcpJl J-ot ^ 


toJji) CiLo^lsz-Ll d.^.L^tu.itJsl CiLpij^l jt d_j SL^ ^ Lo-o .CjJlp- 

.^5Ji>jLp-t JUSKA 3 ^LcPtJJ ^LszJI L-ijjJZlJb 5 -^ ijilJJiJot jJ^ 

cbijMJ d^^hvtl S^iLIl jLs ciSlJo L^lSJjt ^^t 3 cSLpJI Otjo jt 

tj^l LsZ-oOJ^ L^ ^1 4^ljJI JlSl^yi Jl L s>6 C -*.^3 jj 

I ^ ‘ t c 3 ^LlpcJI ^^joJcuxj Si^lXsclo L^L)3 ^^S_t^l I ^ ^ ^ '3 


261 










Qiabo] ulriji 

■ ■ C ^ 


Withe 


qi^LoI uI£|>9 


1. THETREE'S MICROBIAL BRANCHES 

Birrien, J. L., X. Zeng, M. Jebar, M. A. Cambon-Bonavita, J. Querellou, 
P. Oger, N. Bienvenu, X. Xian, and D. Prieur. “Pyrococcus yayanosii sp. 
nov., An Obligate Piezophilic, Hyperthremophilic Archeon Isolated 
from a Deep-Sea Hydrothermal Vent” International Journal of Systematic 
and Evolutionary Microbiology 6i (2011): 2827-2831. 

Darwin, Charles. The Origin of Species by Means of Natural Selection, or. The 
Preservation of Favored Races in the Struggle for Life. New York: Modern 
Library, 1993. 

Hager, Thomas. The Alchemy of Air. New York: Broadway Books, 2008. 

Specter, Michael. “Seeds of Doubt.” New Yorker, August 25,2014. 

“Sur la Fermentation des Nitrates.” Comptes Rendus de TAcacdemie de Sci¬ 
ences 95 (1882): 644-646. 

Suttle, Curtis A. “Marine Viruses—Major Players in the Global Ecosystem.” 
Nature Reviews Microbiology 5 (2007): 801-812. 

Vietmeyer, Noel. Our Daily Bread: The Essential Norman Borlaug. Lorton, 
VA: Bracing Books, 2012. 

2. RELATIONSHIPS AMONG ORGANISMS 

Crick, F. H. C. “The Biological Replication of Macromolecules.” Symposium 
of The Society for Experimental Biology 2 (1958): 138-163, 

Elias, Mikael, Korina Goldin-Azulay, Eric Chabriere, Julia A. Vorholt, Tobias J. 
Erg, and Dan Tawhk. “The Molecular Basis of Phosphate Discrimination 
in Arsenic-Rich Environments.” Nature 1038 (2012): 11517. 

Fitch, Walter M. and Emanuel Margoliash. “Construction of Phylogenetic 
Trees: A Method Based on Mutation Distances from Cytochrome c Se¬ 
quences Is of General Applicability.” Science 155 (1967): 279-284. 

Pace, Norman R., Jan Sapp, and Nigel Goldenfeld. “Phylogeny and Beyond: 
Scientific, Historical, and Conceptual Significance of the First Tree of 
Life.” Science 109 (2012): 1011-1018. 


265 


rUjJAll 


Sapp, Jan. The New Foundations of Evolution. New York: Oxford University 
Press, 2009. 

Sarich, V. M. and A. C. Wilson. “Rates of Albumin Evolution in Primates” 
Proceedings of the National Academy of Sciences USA 58 (1967): 142-148. 

Sarich, Vincent M. and Allan C. Wilson. “Immunological Time Scale for 
Hominid Evolution.” Science 158 (1967): 1200-1203. 

Schachman, H. K., A. B. Pardee, and R. Y. Stanier. “Studies on the Macro- 
molecular Organization of Microbial Cells.” Archives of Biochemistry and 
Biophysics 38 (1952): 245-260. 

Watson, James D. The Double Helix: A Personal Account of the Discovery of 
the Structure ofDNA. New York: Atheneum, 1968. 

Wole-Simon, Felisa, Jodi Switzer Blum, Thomas R. Kulp, Gwyneth W Gordon, 
Shelley E. Hoeft, Jennifer Petti-Ridge, John F. Stoloz, Samuel M. Webb, Peter 
Weber, Paul C. W Davies, Ariel D. Anba, and Ronald S. Oremland. “A Bac¬ 
terium that Can Grow by Using Arsenic Instead of Phosphorus.” Science 
332 (2010): 1163-1166. 

Zuckerkandl, Emile, and Linus Pauling. “Macromolecules Documents of 
Evolutionary History.” Journal of Theoretical Biology 8 (1965): 357-366. 

3. ENTER DNA 

Balch, W. E. and R. S. Wolfe. “Specificity and Biological Distribution of Co¬ 
enzyme M (2-mercaptoethanesulfonic acid).” Journal of Bacteriology 137 
(1979): 256-263. 

Bemfield, Merton R. and Marshall Nirenberg. “RNA Codewords and 
Protein Synthesis: The Nucleotide Sequences of Multiple Codewords 
for Phenylalanine, Serine, Leucine, and Proline.” Science 147 (1965): 
479-484. 

Brownlee, G. G., F. Sanger, and B. G. BarreU. “Nucleotide Sequence of 5S- 
ribosomal RNA from Escherichia coll” Nature 215 (1967): 735-736. 

Crick, F. H. C., F.R.S., Leslie Barnett, S. Brenner, and Dr. R. J. Watts-Tobin. 
“General Nature of the Genetic Code for Proteins.” Nature 192 (1961): 
1227-1232. 

Crick, Francis. What Mad Pursuit: A Personal View of Scientific Discovery. 
Alfred P. Sloan Foundation Series. New York: Basic Books, 1988. 


266 


qi^LoJ uI£|>9 

Doi, Roy H. and Richard T. Igarashi. “Conservation of Ribosomal and Mes¬ 
senger Ribonucleic Acid Cistrons in Bacillus Species” Journal of Bacteri¬ 
ology 90 (1965): 384-390. 

Elson, D. and E. Chargaff. “On the Deoxyribonucleic Acid Content of Sea 
Urchin Gametes.” Experientia 8 (1952): 143-145. 

Fox, G. E. and C. R. Woese. “The Architecture of 5S rRNA and Its Relation to 
Function.” Journal of Molecular Evolution 6 (1975): 61-76. 

Ling, J. R. “Robert E. Hungates The Rumen and Its Microbes after 25 Years.” 
Applied Microbiology (1991): 179-181. 

Marmur, Julius, Edna Seaman, and James Levine. “Interspecific Transforma¬ 
tion in Bacillus^ Journal of Bacteriology 85 (1963); 461-467. 

Stanier, Roger Y, John L. Ingraham, Mark L. Wheelis, and Page R. Painter. 
The Microbial World, 5th ed. Englewood Clifts, NJ: Prentice-Hall, 1986. 

Stent, Gunther S. The Coming of the Golden Age: A View of the End of Progress. 
Garden City, NY: Natural History Press, 1969. 

Woese, Carl R. and George E. Fox. “Phylogenetic Structure of the Prokary¬ 
otic Domain: The Primary Kingdoms.” Proceedings of the National Academy 
of Sciences USA 74 (1977): 5088-5090. 

4. THE ROSETTA STONE 

Fox, G. E., L. J. Magrum, W. E. Balch, R. S. Wolfe, and C. Woese. “Classification 
of Methanogenic Bacteria by 16S Ribosomal RNA Characterization.” Pro¬ 
ceedings of the National Academy of Sciences USA 74 (1977): 4537-4541. 

Mayr, E. “Two Empires or Three” Proceedings of the National Academy of 
Sciences USA 95 (1998): 9720-9723. 

Woese, Carl R. and George E. Fox. “Phylogenetic Structure of the Prokary¬ 
otic Domain: The Primary Kingdoms.” Proceedings of the National Academy 
of Sciences USA 74 (1977): 5088-5090. 

5. FROM THE TREE'S ROOTS TO ITS BRANCHES 

Copeland, Herbert R “The Kingdoms of Organisms.” Quarterly Review of 
Biology 13 (1938): 383-420. 

“Default Taxonomy: Ernst Mayr s View of the Microbial World.” Proceedings 
of the National Academy of Sciences USA 95 (1998): 11043-11046. 


267 


rUjJAll 


Garrity, George M., ed. Bergeys Manual of Systematic Bacteriology, 2nd ed. 
New York: Springer-Verlag, 2001. 

Gogarten, Johan Peter, Henrik Kibak, Peter Dittrich, Lincoln Taiz, Emma 
Jean Bowman, Barry J. Bowman, Morris R Manolson, Ronald J. Poole, 
Takayasu Date, Tairo Oshima, Jin Konishi, Kimitoshi Denda, and Masa- 
suke Yoshida. “Evolution of the Vacuolar H^-ATPase: Implications for 
the Origin of Eukaryotes ” Proceedings of the Natiofial Academy of Sci¬ 
ences USA 86 {1989): 6661-6665. 

Hug, Laura A., Brett J. Baker, Karthik Anantharaman, Christopher T. Brown, 
Alexander J. Probst, Cindy J. Castelle, Cristina N. Butterfield, Alex W. 
Hernsdorf, Yuki Amano, Kotaro Ise, Yohey Suzuki, Natasha Dudek, David 
A. Reiman, Karl M. Finstad, Ronald Amundson, Brian C. Thomas, and 
Jillian R Banfield. “A New View of the Tree of Life.” Nature Microbiology 1, 
no. 16048 (April 2016); doi:io.i038/nmicrobiol.20i6.48. 

Iwabe, Naoyuki, Kei-Ichi Kuma, Masami Hasegawa, Syozo Osawa, and Takashi 
Miyata. “Evolutionary Relationship of Archaebacteria, Eubacteria, and 
Eukaryotes Inferred from Phylogenetic Tree of Duplicated Genes.” Pro¬ 
ceedings of the National Academy of Sciences USA 86 (1989): 9355-9359. 

Lwoff, A. “The Concept of a Virus.” Journal of General Microbiology 17 (1957): 
239-255. 

Margulis, Lynn and Karlene V. Schwartz. Five Kingdoms: An Illustrated Guide 
to the Phyla of Life on Earth. New York: W. H. Freeman and Company, 1998. 

Pace, N. R. “Problems with 'Procaryote.’” Journal of Bacteriology 191 (2009): 
2008-2010. 

Pace, Norman R. “Mapping the Tree of Life: Progress and Prospects.” Micro¬ 
biology and Molecular Biology Reviews 73 (2009): 565-576. 

Richards, Robert J. The Tragic Sense of Life: Ernst Haeckel and the Struggle 
over Evolutionary Thought Chicago: University of Chicago Press, 2008. 

Schwartz, Robert M. and Margaret Dayhoflf. “Origins of Prokaryotes, Eukary¬ 
otes, Mitochondria, and Chloroplasts.” Science 199 (1978): 395-403. 

Stanier, R. Y. and C. B. van Niel. “The Concept of a Bacterium.” Archives of 
Microbiology 42 (1962): 17-35. 

van Niel, C. B. “The Classification and Natural Relationships of Bacteria.” Cold 
Spring Harbor Symposium on Quantitative Biology 11 (1946): 285-301. 


268 


qi^LoJ uI£|>9 


Whittaker, R. H. “New Concepts of Kingdoms of Organisms.” Science 163 
(1969): 150-160. 

Woese, C. R., O. Kandler, and M. L. Wheelis. "Towards a Natural System of 
Organisms: Proposal for the Domains Archaea, Bacteria, and Eucarya.” 
Proceedings of the National Academy of Sciences USA 87 (1990): 4576-4579. 
Woese, Carl R. “Default Taxonomy: Ernst Mayr s View of the Microbial World.” 

Proceedings ofthe National Academy of Sciences [/SA95 (1998): 11043-11046. 
Zimmer, Carl. "Scientists Unveil New ‘Tree of Life.’ ” New York Times, April 12, 
2016. 


6. GENES FROM NEIGHBORS 

Avery, O. T, C. M. Macleod, and M. McCarty. “Studies on the Chemical 
Nature of the Substance Inducing Transformation of Pneumococcal 
Types: Induction of Transformation by a Desoxyribonucleic Acid Frac¬ 
tion Isolated from Pneumococcus Type III.” Journal of Experimental 
Medicine 79 (1944): 137-158. 

Cohen, Stanley N., Annie C. Y. Chang, and Leslie Hsu. “Nonchromosomal 
Antibiotic Resistance in Bacteria: Genetic Transformation of Escherichia 
coli by R-Factor DNA.” Proceedings ofthe National Academy of Sciences 
USA 69 (1972): 2110-2114. 

Davis, Bernard. “Nonfilterability of the Agents of Genetic Recombination in 
Escherichia coliT Journal of Bacteriology 60 (1950): 507-508. 

de Kruif, Paul. The Microbe Hunters. Orlando: Harcourt, 1926. 

Griffith, E “The Significance of Pneumococcal Types.” Journal of Hygiene 27, 
no. 2 (1928): 113-159. 

Hayes, W. “Recombination of Bact. coli K 12: Unidirectional Transfer of Ge¬ 
netic Material.” Nature 169 (1952): 118-119. 

Mandel, H. and H. Higa. “Calcium-Dependent Bacteriophage DNA Infec¬ 
tion.” Journal of Molecular Biology 53 (1970): 159-162. 

Neidhardt, Frederick, John L. Ingraham, and Moselio Schaechter. Physiology 
ofthe Bacterial Cell Sunderland, MA: Sinauer Associates, 1990. 

Pollock, M. R. “The Discovery of DNA: An Ironic Tale of Chance, Prejudice 
and Insight. Third Griffith Memorial Lecture.” Journal of General Micro¬ 
biology 63 (1970): 1-20. 


269 


rUjJAll 


Tatum, E. L. and Joshua Lederberg. “Gene Recombination in the Bacterium 
Escherichia colV' Journal of Bacteriology 53 (1947): 673-684. 

Watanabe, Tsutomu. “Infective Heredity of Multiple Drug Resistance in 
Bacteria” Bacteriological Reviews 27 (1963): 87-115. 

Watson, James D. The Double Helix: A Personal Account of the Discovery of 
the Structure ofDNA. New York: Scribner, 1968. 

Zinder, Norton D. and Joshua Lederberg. “Genetic Exchange in Salmonella.” 
Journal of Bacteriology 64 {1952): 679-699. 

7. CAN THE RECEIVING CELL SAY NO? 

Baltimore, D., R Berg, M. Botchan, D. Carroll, R. A. Charo, G. Church, J. E. 
Corn, G. Q. Daley, J. A. Doudna, M. Fenner, H. T. Greeley, M. Jinek, 
G. S. Martin, E. Penhoet, J. Puck, S. H. Sternberg, J. S. Weissman, and 
K. R. Yamamoto. “A Prudent Path Forward for Genomic Engineering 
and Germline Gene Modification.” Science 348, no. 6230 (2015): 36-38. 

Bertani, G. and J. J. Weigle. “Host Controlled Variation in Bacterial Viruses.” 
Journal of Bacteriology 65 (1953): 113-121. 

Bertani, Giuseppe. “Lysogeny at Mid-Twentieth Century: Pi, P2, and Other 
Experimental Systems.” Journal of Bacteriology 186 (2004): 595-600. 

Lander, Eric S. “The Heroes of CRISPR.” Cell 16 (2016): 18-28. 

Lawrence, Jeffery G. and Howard Ochman. “Molecular Archeology of the 
Escherichia coli Genome.” Proceedings of the National Academy of Sci¬ 
ences USA 95 (1998): 9413-9417. 

Wade, Nicholas. “Scientists Seek Moratorium on Edits to Human Genome 
that Could Be Inherited.” New York Times, December 3,2015. 

8. CANTHETREE BETRUSTED? 

Cracraft, Joel and Michael J. Donoghue. Assembling the Tree of Life. New 
York: Oxford University Press, 2004. 

Gest, H. “Samuel Rubens Contributions to Research on Photosynthesis and 
Bacterial Metabolism with Radioactive Carbon.” Photosynthesis Research 
80 {2004): 77-83. 

Gray, M. W. and W. F. Doolittle. “Has the Endosymbiont Hypothesis Been 
Proven?” Microbiological Reviews 46 (1982): 1-42. 


270 


qi^LoI uI£|>9 


Margulis, L. Origin of Eukaryotic Cells. New Haven, CT: Yale University 
Press, 1970. 

Margulis, Lynn. Once Upon a Time. Barcelona: Editorial Septimus, 2013. 
Margulis, Lynn and Dorion Sagan. Microcosmos: Four Billion Years of Micro¬ 
bial Evolution. Berkeley: University of California Press, 1986. 

Sagan, Dorion, ed. Lynn Margulis: The Life of a Scientific Rebel A Science- 
writers Book. White River Junction, VT: Chelsea Green Publishing, 2012. 
Sagan, Lynn. “On the Origin of Mitosing Cells.” Journal of Theoretical Bio- 
%>'14 (1967): 225-274. 

Sapp, Jan. “Too Fantastic for Polite Society: A Brief History of Symbiosis 
Theory.” In Lynn Margulis: The Life of a Scientific Rebel, ed. Dorion Sagan. 
A Sciencewriters Book. White River Junction, VT: Chelsea Green Pub¬ 
lishing, 2012, pp. 66-67. 

Schopf, J. William. Cradle ofLife: The Discovery of Earths Earliest Fossils: Impact 
of Horizontal Gene Transfer on the Tree of Life. Princeton, NJ: Princeton 
University Press, 1999. 

Schopf, J. William, ed. Lifes Origins: The Beginnings of Biological Evolution. 

Berkeley; University of California Press, 2002. 

Spang, Anja, Jimmy H. Saw, Steffen L. Jorgensen, Katarzyna Zaremba- 
Niedzwiedzka, Joran Martijn, Anders E. Lind, Roel van Eijk, Christa 
Schleper, Lionel Guy, and Thijs J. G. Ettema. “Complex Archaea that Bridge 
the Gap between Prokaryotes and Eukaryotes.” Nature 521, no. 7551 (2015): 
173-179- 

Zablen, L. B., M. S. Kissil, C. R. Woese, and D. E. Buetow. “Phylogenetic 
Origin of the Chloroplast and Prokaryotic Nature of Its Ribosomal RNA.” 
Proceedings of the National Academy of Sciences USA 72 (1975): 2418-2422. 
Zimmer, Carl. ''Wolbachia: A Tale of Sex and Survival.” Science 292 (2001): 
1093-1095. 


9. THE TREE’S ECOLOGICAL FRUIT 

DiGiulio, Daniel B., Benjamin J. Callahan, Paul J. McMurdie, Elizabeth K. 
Costello, Deirdre J. Lyell, Anna Rogaczewska, Christine L. Sun, Daniela 
S. A. Goltsman, Ronald J. Wong, Gary Shaw, David K. Stevenson, Susan 
P. Holmes, and David A. Reiman. “Temporal and Spatial Variation of the 


271 


rUjJAll 


Human Microbiota during Pregnancy” Proceedings of the National 
Academy of Sciences USA 112 (2015): 11060-11065. 

Eakin, Emily. “The Excrement Experiment: Treating Disease with Fecal 
Transplants.” New Yorker, December 1,2014. 

Evans, Paul, Donovan H. Parks, Grayson L. Chadwick, Steven J. Robbins, 
Victoria J. Orphan, Suzanne D. Golding, and Gene W. Tyson. “Methane 
Metabolism in the Archaeal Phylum Bathyarchaeota Revealed by Genome- 
Centric Metagenomics. Science 350 (2015): 434-437. 

Fierer, Noah, Christian L. Lauber, Nick Zhou, Daniel McDonald, Eliza¬ 
beth K. Costello, and Rob Knight. “Forensic Identification Using Skin 
Bacterial Communities.” Proceedings of the National Academy of Sciences 
USA 107 (2010): 6477-6481. 

Vrieze, Anne, Els Van Nood, Frits Holleman, Jarkko Salojarvi, Ruud S. Kootte, 
Joep E W. M. Bartelsman, Geesje M. Dallinga-Thie, Mariette T. Acker¬ 
mans, Mireille J. Serlie, Raish Oozeer, Muriel Derrien, Anne Druesne, 
Johan E. T. Van Hylckama Vlieg, Vincent W. Bloks, Albert K. Groen, 
Hans G. H. J. Heilig, Erwin G. Zoetendal, Erik S. Stroes, Willem M. de 
Vos, Joost B. L. Hoekstra, and Max Nieuwdorp. “Transfer of Intestinal 
Microbiota from Lean Donors Increases Insulin Sensitivity in Individuals 
with Metabolic Syndrome.” Gastroenterology 143, no. 4 (2012): 913-916. 

10. THETREE'SBEGINNINGS 

Check, T. R., A. J. Zaug, and P. J. Grabowski. “In Vitro Splicing of the Ribo- 
somal RNA Precursor of Tetrahymena: Involvement of a Guanosine Nu¬ 
cleotide in the Excision of the Intervening Sequence.” Cell tj (1981): 
487-496. 

Crick, F. H. C. and L. E. Orgel. “Directed Panspermia.” Icarus 19 (1973): 
341-346. 

Deamer, David. First Life: Discovering the Connection between Stars and 
How Life Begins. Berkeley: University of California Press, 2011. 

Dyson, Freeman. Origins of Life. Cambridge: Cambridge University Press, 1999. 

Fry, Iris. Emergence of Life on Earth: A Historical and Scientific Overview. 
Piscataway, NJ: Rutgers University Press, 2000. 

Gilbert, Walter. “Origin of Life: The RNA World.” Nature 319 (1986): 618. 


272 


uI£|>9 

Lane, Nick, John R Alien, and William Martin. "How Did LUCA Make a 
Living? Chemiosmosis in the Origin of Life.” BioEssays 32, no. 4 (2010): 
271-280. 

Martin, William and Michael J. Russell. “On the Origins of Cells: A Hypoth¬ 
esis for the Evolutionary Transition from Abiotic Geochemistry to 
Chemoautotrophic Prokaryotes, and from Prokaryotes to Nucleated 
Cells.” Philosophical Transactions of the Royal Society of London B: Biolog¬ 
ical Sciences 358 (2003): 59-85. 

Miller, Stanley L. “Production of Amino Acids under Possible Primitive 
Earth Conditions.” Science 117 (1953): 528-529. 

Miller, Stanley L. and Harold C. Urey. “Organic Compound Synthesis on the 
Primitive Earth.” Science 130 (1959): 245-251. 

Mitchell, P. “Coupling of Phosphorylation to Electron and Hydrogen Transfer 
by Chemi-Osmotic Type of Mechanism.” Nature 191 (1961): 144-148. 

Patel, Bhavesh H., Claudia Percivalle, Dougal J. Ritson, Colm D. Duffy, and 
John D. Sutherland. “Common Origins of RNA, Protein and Lipid Pre¬ 
cursors in a Cyanosulfidic Protometabolism.” Nature Chemistry 7 (2015): 
301-307. 

Powner, Matthew W, Beatrice Gerland, and John D. Sutherland. “Synthesis 
of Activated Pyrimidine Ribonucleotides in Prebiotically Plausible Con¬ 
ditions.” Nature 459 (2009): 239-242. 

Wolman, Yecheskel, William J. Haverland, and Stanley L. Miller. “Nonpro¬ 
tein Amino Acids from Spark Discharges and Their Comparison with the 
Murchison Meteorite Amino Acids.” Proceedings of the National Academy 
of Sciences USA 69 (1972): 809-811. 


273 


jgjoJl 


Illustration Credits 


Figure i. Charles Darwin, On the Origin of Species by Means of Natural Selection, 
or the Preservation of Favoured Races in the Struggle for Life. London: John 
Murray, 1859. Wellcome Library, London. L0067068 (CC-BY-4.0). 

Figure 2. Darwins notebook. Archives and Manuscripts, Wellcome Library, 
London. L0003799 (CC-BY-4.0). 

Figure 5. Swan-necked flask. Wellcome Library, London. M0012521 (CC-BY-4.0). 

Figure 6. Vigna unguiculata nodules. Photo © Harry Rose/Flickr (CC-BY-4.0). 

Figure 8. Redrawn by permission of the authors from George E. Fox, Linda f. 
Magrum, William E. Balch, Ralph S. Wolfe, and Carl E. Woese, “Classification of 
Methanogenic Bacteria by 16S Ribosomal RNA Characterization.” Proceedings of 
the National Academy of Sciences USA 74, no. 10 (i977):4537-454i. Figure 1. 

Figure 9. Ernst Heinrich Haeckel. Generelle Morphologic der Organismen: 
Allgemeine Grundzuge der Organischen Formen-Wissenschaft, Mechanisch Be- 
grundet Durch die von Charles Darwin Reformirte Descendenztheorie (Berlin: G. 
Reimer, 1866). Plate 1, Taf. 1. Wellcome Library, London. L0078506 (CC-BY-4.0). 

Figure 10. Electron microscope facility, Dartmouth College. Prepared and im¬ 
aged by Louisa Howard, Microscopist. 

Figure 11. Electron micrograph image by Charles C. Brinton Jr., published in 
TIME Magazine, 109, no. 16 (April 18,1977). 

Figure 12. Bilayer scheme. Mariana Ruiz Villarreal (LadyofHatsf Wikimedia 
Commons. 


275 



pLalj^] .U] Llg^i 


.1924 22 ij jJ^ 

.1951 ^LsJI i3 lI d-sz-oL^ j-o clj^iS^jJl 

i3 Lij^AJlS djzxLffo Lj>-^^-*j3jSwc.oJJ Jl^-I^io SLloiI 
.1965 IJlZS^ SJlpcIJsI Cib^^JJ icsz-cJaJl ^^IszJJ ifbsj J-«a£?- 


.(1976) [liJjLioo l_A]J-o] <<(3_3j^-*-Ij 1 ^bzJl» “ 
.(1983) «i)J^I^^l d_tLpJl “ 
.(1994) ^i-LszJ iojJLo» — 

.(1997) [liJjLt-o <<Lp-^^.u3j^^ 1 [5'^b-o» — 

.(1997) <<1 i33jr^^i “ 

.(2010) «[jj-o 9 Jl djJj :OL)3 j^_U,1 Sjl*«-o» — 


jgkUJJ a\9 pOjloJI 

ppjJliJi: uLsij] .j 

i)j<lJsl (1965 ^LszJl |3 jJ^ H 

.i) 

d.cJaJ -0 3-^3 ((CCDSC) ^LiiiJl 3 ^^IszJl j.u_Lp 451 H 

.ijjLiSJl ^jll33t d5zi3LA.o i3 bbjJLo gjL) ^Jj ^ 

.1988 ^LszJl i3 £(j^i3-o) d.5z-oL^ ciwJaJI d.J5 13 ® 

.(SjLPtlisl d^_m)l ((JJlIJ) ^JojyslS^ d_JS ^j-0 d.<u:>j^Jl JLt ^3-bi J-kOi?- H 
ijJuSLll «ix5Z-0-C>Jb d.xAlff*-^l OLrJJI dJj?J J^*AC-3 XaIsza ^l>S>JiQ H 


277 






ja-oJJLUs1 d^Mixol ^Lo^L) djsiLLi^ 

.iiJjSUl CjLszJaUUsl J5o iojjJI d^UI (J| JuoJisUsl 

^bJl d.-OJ?-jrUJ ^JL5^J1 Jl^SZ-LL ioO-LszJl (^LCiS^jOJ J\£- ilLalt H 

.(^l^^l) J 3 JJI d:sz-oL^ 

((LIljfuAil) djz^L^ j-o i3 H 

.(IJlIS) 4jz-oLc>- ioLszJl (3 jw«j>LJ 5 l 3 
djszjhJl OUJalisl L_iJllJl L*l^j H 

.LoLp 13 iojjzJI J 3 JJI 

LjllS) «^^l5zJl3 ^wJaJl i3 'Lt^ cIwaIS l-^L) i3 '^jL^ H 

LjliS) J_JLl*Js 1 L3b^AI^l3 ioo-LszJl ^Liilll »3 i(1999 - 36 ^j-Il 

iojjzJl dJojIjJl) «(jj^l i^j-o-LszJl 1^9^91 J-Ji »3 i(2007 - 67 ^jJl ijj^l 

.(2008 £j-va-o £jju.-o-L5zJl ju-o^.C'^ 

'AaJLxII dJ_£wJ_£wJ 1^1 dj 

£(2005 £321 iA^zJl) ^L!aJl» £(2002 £288 iAsJI) «^j-tl 

£354 ^JlszJI) «^l^ill 3 iJs^5zJl» £(2006 £329 ^JlsJI) OlS^ 

^JlszJI) «^91 ljjLpcIj 15Ui» £(2010 £375 ^JlsJI) «C)1jJ1 dJaiu» £(2008 
<<jLk>jwJl C)Loo^» £(2015 £420 iAsJI) «L3ljii^l ^Liii3l» £(2013 £403 
U5 ^\^)}\ ^3j» £(2017 £445 iJcsJl) «JI^\ £(2015 £431 iJcsJl) 

■ iw*jL^ 31 ...(2018 £456 ^JlsJI) «(^y^ 

£(jj^l :L^Ao Obj 3 i 3 iuxLszJb d_cJaJI C)9UJjl Olj-Ulc- dJ H 

^Lp3 £|^jjo_LszJ1 ^3-^3 £(^jjo-L5zJ 1 £i4jL5zJl ^Liiilb 

.«l3A^1» SAj^^3 £«SAj^^i^l» SAj^^3 £A^l5zJl d_L ^3 £^^Sb3Jl 


278 





qQj Oq II pdLc ql ml Mi 


jjuxL^I ij£- ^_5i^L-o JS^ gJJa-o ^3 <i*sLaj 4L*.-L*r ^Lfr» 

.1978 ^Ls?JI ijjd jjLL) ^3 lI^^I iJjJI jJlo JkS^ - C 03 SJI 
tiisjjzXl ^ 3 ^ 2-LA.5*- isLoill ijjd Sjutc*- SiW ^jLaJI jjj iLL*J.^I oJob 

La-Jlj L^i^Lssj CjLc- 5 . 03 XI ^3-o3 .Sj%oLszXI <i*sliilll3 ijjSLaJI OljLill CjJLC>-b <ilajj dUj53 


:4.<i.c>- 

.jlS^^I - ijjUipJI OLttiljjJI - - <ia.«J3 _ ^jb :4-uL«j^l CjLuIjjJI - 1 

OLwIji - JaJaio - LsIj.rc>- - jj-xjjj - iLaXsl - ^Uji5>-I - 2 

. O - 4.x9vjljrLM>l 

.4sJJI 4_iji^l CjI _uiljjJI - 3 

I ~ ~ ^ jwJc\ ~ 4j2_ux1s^ '.^LlSJ^}\ ^.jLuiIjJJI - 4: 

. d.<.<jg.«tJ I (j 


tftbj_ 3 ) ..UII ^^_LsJ 1 .J:^^.«4..J >idTQ ...14^ ^ l^H ^_jjb liaJjJI CjI _tttIjjJI - 5 

aJ_^ iuLuj^l t .'^l^ ^1.,^ “tsMI ^) d.Q ..U“ll CjL _objJI _ (dlls t3L_c>JI ^aJ.C- t6L__*u5 

dU35*3 tiUs*-i«aS 3 jSiM _ iaJ^XI 3! 4.fikJ»-j^l _ Ju^l (JL&.C-^I j-Jij iJI <1^.4u.Jb Lai 

.jJl5>JI OS3JI (3 -^313 j-ol Sd5>-l3 <i.o«a5>:uij dJilsdLLI JU^^I 

.jdXjJI fiiijJLC*- 4.a_c»-j^,l (JLa^^l (j^—Sb (jl i^Js- «4SjJzXI ^Lfr» 

Jujj ^1 ctjv.o.<gi.-klLI ^j-0 4 -oJl 5-LI Ol5*-lj^sb iLuJ-ttJI 

4jLc- 3^3A3 (.jllSJl ijs- fiUsI^ SJuJj 0^3 gJaill 3.s>Ji>4D 350 ^^Js- 

1^33^ La^ d.J^^I 4IsJj t^jLlSJl ^j-0 45>t*uj (J.^^ i<iJ»-jrvJI ills’- ^33 ^ds’- dJLtaJbi^ 

jtniLI ibLaXI (.jliSJl OLc’tio ^l^ji 03^3 jl dbdS^ tcjliSLU ioLsJI Oj^LaJb SjS'Juo 

^ La 4_<iS’-^ j_5i I )) 4_L*«J.*«Jl3 iicj’-jlLI is’r-iio.lI tools’- 

ills’- ^3 4 ..l*JLs’-^I CjUs^Jas’tLI Sdlff-b ^jl-0 yS- jjuxls’ttl3 ixS^l^w-a 
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LibjIjJLa i^3J3.aJJ olslSLa 3I _ ^3^3X1 i^Js- Jsl5alll3 iiisl3X! Jls- (33 

dso 3 ) (jsalll (3 0 ds“l 3 JI <laJ5Jl LiJs (jry^ Jdsi^ olslSLa jLbi Lill 
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